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ENTHESOPHYTES: CORRELATION OF BONY GROWTH AT TENDON 
INSERTION SITES WITH SOCIO-DEMOGRAPHIC FACTORS IN EUROPEAN 
AND AFRICAN AMERICAN INDIVIDUALS  
CLAIRE E. MINCHER 
ABSTRACT 
 
Individualization of skeletal remains is a critical component of archaeological and 
forensic investigations. Bone growth at tendon insertion sites, or enthesophytes, have 
been researched as individualizing musculoskeletal stress markers and were previously 
shown to relate to age, body mass, and possibly occupation; however, no such research 
exists regarding ancestral correlations. Research shows that African American bone 
density is significantly higher than other ancestral groups; thus, it is hypothesized that 
African Americans have a higher tendency for additional bone growth in relation to age, 
body mass, and occupation. To test this hypothesis, 230 individuals from the William M. 
Bass Donated Skeletal Collection at the University of Tennessee, Knoxville, were 
analyzed following previously established and revised standards for scoring enthesophyte 
development in the upper and lower limbs. The individuals were of European American 
(n=176) and African American (n=54) ancestry, and were scored at random for 
enthesophyte development before reviewing demographic information. Each tendon 
insertion site was compared to the demographic information and ancestral origin of the 
individuals. The results confirm the expected link between enthesophyte development 
with age and body mass, along with a possibility that African Americans display greater 
	 
 
 
vi 
bone development at tendon insertion sites. Further, upper limb scores displayed stronger 
correlations with demographic information than the lower limb, providing a better focus 
for future research. The correlation of enthesophyte development with demographic 
information may aid in anthropological investigations, providing an additional method 
for individualization and identification of biomechanical stresses in skeletal remains. 
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1 
CHAPTER I: INTRODUCTION 
 
 Within the subfields of anthropology, one area of study which is continually 
researched is the individualization of skeletal remains and the interpretation of the forces 
which act on the bone in life. This includes studies of trauma, cultural alterations, and 
pathologies which affect the bone. Work within each of the categories requires a 
knowledge of the underlying bone structure and biology, the way in which bone responds 
to actions against its normal structure, and what these responses may indicate when 
skeletal remains are found out of context. In studies of both modern and past populations, 
physical evidence of occupation and habitual activities plays a large role in corroborating 
records of lifestyle of an individual to provide a more thorough personal history i.e., 
osteobiography (Saul 1976). The development of enthesophytes potentially provides 
evidence of repetitive actions that would affect the daily life and health of an individual. 
Entheses, the sites of tendon and ligament attachment or insertion, are the areas of direct 
loading stresses in the musculoskeletal system upon which bony growth, or 
enthesophytes, develop in relation to mechanical loading stresses (Benjamin et al. 2006). 
Under normal conditions, bone maintains itself through remodeling, a process of bone 
resorption and formation with no net gain to the bone surface. Some of this maintenance 
process is driven by general bone upkeep, damage, or acute injury, while other aspects of 
maintenance are a reaction to stressors on the bone via musculoskeletal attachments. 
Enthesophytes occur when there is a net gain in bone during remodeling at tendon and 
ligament insertion sites, causing small spurs of abnormal bone growth. While disorders 
	
	
	
 
	
	
	
2 
such as osteophyte former, spondylosis, and tendonitis are correlated with enthesophyte 
growth, it is the continual loading stress and subsequent inflammation from repetitive 
activity that is the expected precursor of enthesophytes (Hardcastle et al. 2013; Rogers et 
al. 1996). 
 Benjamin et al.’s (2006) work is one of the earliest to incorporate two categories 
of entheses into a study (fibrous and fibrocartilaginous), followed by Villotte et al. 
(2009). The development of enthesophytes is variable between the two categories due to 
both the location and the biology of the entheses. The differences in type of entheses is 
not new knowledge; however, it has only recently been investigated in published 
research. Fibrocartilaginous entheses of the condral-apophyseal ends lack a periosteal 
surface, creating a direct attachment site of tendons and ligaments to the bone surface that 
more often develops enthesophytes (Benjamin et al. 2002; Villotte et al. 2009; Weiss 
2015). Fibrous entheses of the diaphysis are less researched due to the presence of 
periosteal tissue where tendons attach, making the connection indirect and less likely to 
develop enthesophytes. These sites express themselves in a very different manner than 
the fibrocartilaginous insertions, often presenting themselves in a much smoother 
insertion site. In addition, age-related changes do occur and must be accounted for in 
fibrocartilaginous entheses, particularly in individuals over the age of 50 years. The use 
of age as a factor in enthesophyte development must also be accounted for; rather than 
categorizing individuals by each year, dividing individuals into age groups creates ranges 
of development within which to analyze data. Around the age of 50 years, the 
	
	
	
 
	
	
	
3 
fibrocartilage at the insertion sites tend to calcify as the associated cortical bone thins, 
creating an environment prone to injury. Despite the importance of these factors, research 
using the categorization of fibrous versus fibrocartilaginous entheses is a recent 
development in the study of stress markers that has only recently emerged in the 
literature. 
Despite a rather large body of research on enthesopathies, little work has 
examined modern European and non-European descended individuals in one sample to 
identify possible differences in bony growth of any type due to ancestry. Rather, research 
has been completed on populations with only one ancestry included, primarily European. 
For example, Hardcastle et al. (2014) examined the relationship between pathological 
bony growth of enthesophytes and osteophytes with high bone mineral density/mass in 
blindly selected individuals from the United Kingdom both with and without the 
phenotype for high bone mineral density; a connection that has been suspected by 
researches throughout the literature but very few have included this factor in their 
research (Kalichman et al. 2007; Rogers et al. 1996). Through the study of radiographs of 
both individuals with high bone mineral density and control individuals with normal 
levels of bone density, Hardcaste et al. (2014) determined that there is a distinct 
correlation between enthesophyte development and the phenotype for high bone mineral 
density. This was seen in an earlier work by Felson and Neogi (2004), as well as in 
Hayeri et al.’s (2009) research, who both determined that enthesophyte and osteophyte 
development often occur concurrently. Those with high bone mineral density were far 
	
	
	
 
	
	
	
4 
more likely to have enthesophyte development than the control group, as well as more 
likely than family members who did not display the phenotype for high bone mineral 
density. The phenotype for high bone mineral density has been identified as a typical trait 
of African American individuals (Walker and Bilezikian 2008; Zemel et al. 2011). 
Through measurement by dual x-ray absorptiometry, Walker and Bilezikian (2008) 
determined that African American males and females have consistently higher bone mass 
than European American males and females, regardless of age group. This has also been 
expressed in clinical research relating to osteoarthritis (Cauley et al. 2004; Finkelstein et 
al. 2002; Gilsanz et al. 1991; Shaffer et al. 2007; Walker and Bilezikian 2008; Zemel et 
al. 2011). This provides the initial evidence that there may be a difference in how 
populations with different ancestries express pathological bone growth. Accordingly, 
African American populations have been shown to have the highest bone mineral density 
levels, with Europeans having a much lower bone mineral density across the population. 
Where previous studies of enthesophyte development have focused primarily on 
archaeological or historical populations, the use of the William M. Bass Donated Skeletal 
Collection at the University of Tennessee, Knoxville, provides the opportunity to extend 
the base of enthesophyte knowledge into a modern population. Unlike studies of physical 
morphological traits, there is no standard or set definition for the variation in scores of 
enthesophyte development, either in archaeological or historical populations. As such, 
not only is there room for expansion of enthesophyte development studies into ancestral 
correlations, but also into modern populations. In order to understand if there is a 
	
	
	
 
	
	
	
5 
correlation between socio-demographic factors and enthesophyte development, the four-
score ordinal system following Hawkey and Merbs (1995) is used with statistical 
analyses, followed by an analysis of intraobserver agreement as a measure of 
reproducibility. By showing a connection between these factors and displaying a 
reproducibility in the methods, the development of enthesophytes could theoretically be 
utilized on a larger scale in modern human populations, expanding beyond historical 
studies and expanding anthropology’s knowledge of how socio-demographic factors 
influence pathologies of the skeletal tissues. 
In the present study, the author hypothesizes that different ancestral populations 
correlate with other socio-demographic factors such as age, weight, occupation, and 
habitual activities to influence the development of enthesophytes. Age and body size 
have long been shown to affect enthesophyte growth (Benjamin et al. 2008; Crubézy et al. 
2002; Havelková et al. 2010). However, these factors must be taken into account in the 
current study to have an accurate and complete measure of the sample, particularly as the 
sample includes variable ages. As high bone mineral density is an expected contributor to 
enthesophyte development and African Americans have a predisposition to higher bone 
mass than European Americans (Walker and Bilezikian 2008), the likelihood of greater 
enthesophyte development being present in African American individuals is much higher. 
In order to make this determination, enthesophyte growth was measured at tendon 
insertion sites on various bones in both the upper and the lower limb. The scores for the 
	
	
	
 
	
	
	
6 
development of enthesophytes was then compared to the various factors in the biological 
profile of each individual assessed. 
In order to examine the outcome of testing this hypothesis, an examination of 
previous studies will be presented in Chapter II, exploring the biology of entheses and 
enthesophytes, the contributing factors in enthesophyte development, and the 
archaeological studies in which enthesophytes have been utilized. The materials and 
methods for this study will be explained in Chapter III, which describes the skeletal 
collection utilized for this study and the method by which the enthesophyte development 
was examined and recorded, including statistical analyses. Additionally, a full description 
of the entheses utilized and a description of the various scores from Hawkey and Merbs’ 
(1995) set-up is included. A description of the results of the recording of enthesophytes, 
the results of statistical analyses, and charts of the p-values are found in Chapter IV. 
Chapter V discusses the results, problems, and future directions for the study of 
enthesophytes. A conclusion of the present study is presented in the final chapter, 
Chapter VI. 
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CHAPTER II: PREVIOUS RESEARCH 
 
 The field of anthropology continually conducts new research to further knowledge 
regarding socio-demographic factors as well as ways of interpreting morphology in both 
archaeological and modern specimens. Anthropological research on physical morphology 
reaches back to the early 20th century; however, research on the topic of enthesophytes is 
relatively recent. While mention of enthesophytes emerges in research from the late 
1980s, the first research dedicated to the assessment of the development and expression 
of enthesophytes was conducted in the mid 1990s by Hawkey and Merbs (1995). Since 
this time, research has expanded from enthesophyte development as it relates to 
musculoskeletal stress markers to how enthesophytes develop with age, sex, and further 
research into the underlying biology of entheses. However, no such research exists 
regarding the development of enthesophytes in relation to ancestry. In order to better 
understand how research can be conducted on the subject of enthesophytes, previous 
research must be explored to create a backdrop on which to place the information gained 
from the current research. 
 
Enthesis Biology 
 The sites of muscle tendon insertions have a unique biological structure, which 
act as an absorber of mechanical loading and stressors on the body during movement. 
During prolonged periods of increased mechanical force, the cell properties of the 
tendons change in response to the forces, causing a change in the structure of the tendons 
	
	
	
 
	
	
	
8 
and insertions (Benjamin and Ralphs 1998; Lin et al. 2004; Wang 2006; Killian et al. 
2012). The majority of tendons in the human body are constructed of parallel rod-shaped 
cells, which contain collagen, proteoglycan, and elastin, as well as water, with the amount 
of collagen being the primary factor in changes in response to mechanical loading (Lin et 
al. 2004; Killian et al. 2012). During the processes of healing from tendon injury, 
calcification of the tendon can occur which can in some cases lead to ossification of cells 
in the tendon (Lin et al. 2004; Benjamin and McGonagle 2009; Killian et al. 2012). At 
the final point in the process of developing calcified bone spurs (enthesophytes) at the 
site of tendon insertions, the ossification process can be completed through endochondral, 
intramembranous, or chondroidal processes (Benjamin and McGonagle 2009; Kumai and 
Benjamin 2002). Due to this process of ossification, enthesophytes typically occur at the 
most fibrous portion of the entheses, rather than occurring over the area with the highest 
presence of cartilage (Benjamin and Ralphs 1998; Benjamin and McGonagle 2009). In 
cases of fibrocartilaginous entheses, Benjamin and Ralphs’ (1998) research on the 
biological composition of tendons and the bone at the enthesis sites found that the 
ossification of tendons often begins in the cell matrix of the tendon soft tissue, with 
further tendon ossification later occurring along the attachment site on the bone. With 
more use, injury and degeneration of a tendon can occur, with more ossification of soft 
tissue occurring in response during the healing process (Benjamin and Ralphs 1998; 
Kumai and Benjamin 2002). The occurrence of injury and the subsequent calcification 
and possible ossification of tissues has a predisposition to the additional ossification 
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(Mays 2015). In instances of individuals with greater cortical bone and periosteal tissue 
percentages, or the bone formers in a population, there is a greater instance of ossification 
of tissues, particularly after injury when this formation is triggered (Mays 2015). 
 Recent research to further understand enthesophyte developmental factors has led 
to a consideration of the biology of different types of entheses, prompting Villotte et al. 
(2009) to further analyze where enthesophyte growth occurs as either fibrous entheses or 
fibrocartilaginous entheses (Benjamin et al. 2002; Villotte et al. 2009; Weiss 2015). 
Fibrous entheses are classified as either direct or indirect attachments of tendons or 
ligaments on the diaphysis of bones, due to the periosteum tissues present on the exterior 
of the bone which the tendons connect to instead of directly to cortical bone (Benjamin et 
al. 2002; Villotte et al. 2009; Weiss 2015). In contrast, the fibrocartilaginous entheses are 
a tendon or ligament attachment which connects directly to the bone at the epiphyses and 
apophyses. Both Villotte et al.’s (2009) and Benjamin et al.’s (2002; 2008) studies 
document development of enthesophyte growth primarily at the periphery of 
fibrocartilaginous entheses, a growth pattern which is consistent with mechanical loading 
patterns in heavy or repetitive activities. Research of fibrocartilaginous insertion sites 
occurring frequently, the pathological changes to this type of insertion site is well known 
and accounted for in scoring processes in comparison to fibrous insertion sites. Fibrous 
entheses changes however are far less well understood and are rarely taken into account 
in research results, particularly in earlier research (Weiss 2015; Henderson 2013). 
Skeletal pathologies such as periostitis, calcific tendinitis, and osteoporosis are among the 
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diseases that have potential to change the bone composition and thus need to be 
considered particularly when observing fibrous entheses along a bone diaphysis 
(Henderson 2013). 
 
Enthesophyte Scoring 
Enthesophyte growth sites in the upper limb (entheses) have been well 
documented following Hawkey and Merbs’ (1995) methodology of visual reference, both 
in deceased individuals and through radiographs in living individuals (Benjamin et al. 
2006; Getz et al. 1996; Hawkey and Merbs 1995; Henderson 2013; Kumai and Benjamin 
2002; Michopoulou et al. 2015; Natsis et al. 2006; Niinimaki and Sotos 2012; Rogers et 
al. 1996; Solano 2006). Few studies exist on the entheses of the lower limb however, and 
fewer consider both the upper and lower limbs together. Of the studies that do consider 
both, the personal medical history of the individuals examined is often unavailable and 
thus little context is available to correlate the developmental level of the enthesophyte 
growth (Benjamin et al. 2008). The primary focus of these studies fall under the 
categories of biology of the entheses or the use of enthesophyte development as a 
physical record of an individual’s activity during life. The primary reference across 
enthesophyte literature for quantification of enthesophyte growth is Hawkey and Merbs’ 
(1995) study of stress markers in the ancient Hudson Bay Inuit, in which the first ordinal 
scoring system for enthesophyte measurement was introduced. This system ranks 
enthesophyte development from 0 to 3, with 0 showing no growth, 1 showing slight 
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development, 2 showing moderate development, and 3 showing severe development. 
Either direct use or modified use of the Hawkey and Merbs (1995) 0 to 3 scoring system 
is used in nearly all subsequent studies to categorize development. Hawkey and Merbs 
(1995) further break down stress markers into stress lesions, robusticity, and ossification 
exostosis. Of these three categories, studies primarily use the robusticity category to 
judge enthesophyte growth, as this category relates specifically to the raised and ridged 
characteristics present in enthesophyte development which are best able to be observed 
for visual scoring (Solano 2006). 
An additional study by Henderson (2013) discusses the issues of scoring fibrous 
entheses and fibrocartilaginous entheses on the same scoring system, as these other 
studies have done, in his work reviewing the scoring of various ancient, medieval, and 
historic populations. Despite the differences in the biology of the two types of entheses, 
Henderson’s (2013) results follow the same trend in enthesophyte growth across both 
types of entheses. Weiss (2015) provides a similar scenario, separating fibrous and 
fibrocartilaginous insertion sites for a pre-contact San Francisco Bay area population. The 
type of insertion site was scored separately and correlation with estimated demographic 
information, age, and body size, among other factors. As in other studies (Benjamin et al. 
2002), it must be acknowledged that there are multiple forms of tendons, as well as 
muscles that attach to bone without a tendon. 
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Enthesophytes in Anthropology 
As directly applied in anthropological and bioarchaeological instances, Solano’s 
(2006) work with the Albany County Almshouse demonstrates how the corroboration of 
physical evidence and historical record provides a clearer image of an individual’s life 
and physical activity. Solano’s (2006) sample of 75 individuals included occupational 
information for each individual, labeled as either physically demanding (including 
factory and railroad laborers) or not physically demanding (including secretarial work), 
providing sufficient evidence of personal history and varied enthesophyte growth in the 
sample to establish a link between the enthesophyte biological processes and an 
individual’s daily occupational musculoskeletal stresses. Solano (2006) scored each of 
thirteen entheses in the upper limb individually with Hawkey and Merbs’ (1995) 
methods, as well as recording a standard osteological assessment for each individual. 
Given the enthesophyte growth measured in the skeletal remains and the recorded 
information about the occupations of individuals in the sample, a correlation was able to 
be made between the enthesophytes and physically demanding occupations. In more 
contemporary populations, enthesopathies are more expected in relation not only to 
physically demanding occupations, but also in recreationally physically active 
individuals. In these cases, the enthesopathies express themselves as common injuries 
such as “tennis elbow” and “jumper’s knee”, though enthesophyte development can occur 
at any heavily used insertion site (Benjamin et al. 2002). An example of low 
enthesophyte presence in a population is provided by Schrader (2012). This study 
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provided information on an Egyptian population which primarily consisted of non-labor 
intensive activities, rather written records show a focus on the administrative aspect of 
the larger kingdom structure. The results here correlate well between the physical 
remains and the historical record, with low instances of enthesophyte or osteoarthritis 
occurring across the sample (Schrader 2012).  
 Prior studies of enthesophyte development have utilized skeletal collections 
comprised of archaeological or historical specimens, such as Niinimaki’s (2012) recent 
work with a 20th century Finnish population and medieval English population. This study 
provided demographic information only for the Finnish population, while the English 
populations provided only age and sex information in addition to observed pathologies or 
traumas (Niinimaki 2012). In an earlier study, the pre- and post-contact skeletons of 
Pecos Pueblo people were considered for changes in enthesophyte development, a 
population which was based in the seventeenth and eighteenth centuries (Chapman 1997). 
The application of enthesophyte development research was expanded to a Neanderthal 
population in Croatia, which showed an extreme example of a non-modern population in 
which activity could be potentially traced (Mariotti and Belcastro 2011). In such a non-
modern example, it was identified that Neanderthal entheses developed primarily in the 
same way as modern human populations, in response to both genetics and environmental 
changes (Mariotti and Belcastro 2011). One notable exception to the populations with a 
lack of demographic information, despite still being a late 9th century population, is 
Havelkova et al.’s (2010) study of the medieval Mikulcice castle and hinterland. This 
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study did find correlations between sex, documented occupation, and the socioeconomic 
status held by the individuals, despite being a historic population (Havelkova et al. 2010). 
Lieverse et al.’s (2013) study utilized the differentiation of fibrocartilaginous and fibrous 
enthesis sites in application to Siberia’s Cis-Baikal, an archaeological population from 
the Middle Holocene. This inclusion of the differing enthesis biology eventually 
displayed how the effects of activity on tendon insertion sites do affect both fibrous and 
fibrocartilaginous entheses (Lieverse et al. 2013). Despite the differences in development 
of the two types of enthesis sites, both types displayed differences in the amount of 
growth depending on the intensity and duration of activity each tribe and each era of the 
Holocene was recorded (Lieverse et al. 2008; 2013). 
 The results of these studies demonstrate that while multiple insertion sites show 
significant growth, other insertion sites have a lower instance of either growth or 
correlation with demographic information within a population. Havelkova et al.’s (2010) 
study of a medieval population study provides a discussion of the probable causes of 
enthesophyte development. Specifically, this study refers to the biceps brachii displaying 
growth in response to heavy lifting and continued stress loading activities (Havelkova et 
al. 2010). Additionally, muscles associated with the shoulder girdle, including those 
muscles that insert on the proximal humerus and on the scapula, are considered muscles 
of high use, particularly in repetitive movements of flexion and extension. This could 
include the movements in such activities as fishing, carpentry, and harvesting of grains, 
with the humerus, radius, and scapula displaying greater enthesophyte growth due to 
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greater stress from the associated repetitive movements. With the lower limb, Havelkova 
et al. (2010) discusses the greater likelihood of tendons relating to movement of the hip 
and knee developing enthesopathies from running and the associated sports as well as 
activities such as swimming and jumping. Links have been made between changes to 
entheses and activities such as horseback riding and evidence of travel by foot over rough 
terrain (Marchi 2008; Havelkova et al. 2010). Changes to the site of tendon insertions in 
the lower limb typically occur in response to overloading the muscles, something seen at 
a much higher frequency in those individuals who regularly encountered rough uneven 
terrain (Acosta et al. 2017). 
 
Ancestry and Enthesophytes 
 While recent studies have begun considering the differences in the types of 
entheses, as with the fibrous and fibrocartilaginous entheses, few studies have also 
considered the genetic factors that could impact population differences in bone growth at 
insertion sites. African American populations have been found in previous studies to have 
a higher overall bone mass or density than European Americans (Cauley et al. 2005; 
Wright et al. 1995; Zemel et al. 2011). In some studies that include diverse populations, it 
has been found that African Americans have the highest bone mass density of any 
included population, usually consisting of European, Asian, and Hispanic groups 
(Finkelstein et al. 2002; Galloway et al. 1997). With this predisposition to have a higher 
bone density, is it often hypothesized that African Americans are much more likely to 
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have pathological bone growth as compared to European and Asian populations 
(Finkelstein et al. 2002; Galloway et al. 1997). According to prior studies, African 
Americans accumulate bone mineral density at a higher rate during childhood growth and 
puberty, accounting for a higher peak bone mass throughout life (Bell et al. 1991; Gilsanz 
et al. 1991; Cauley et al. 2005; Zemel et al. 2011). Studies specific to the investigation of 
genetic ancestry in relation to body composition have shown that individuals with a 
greater percentage of African ancestry have a different composition than those 
genetically admixed African individuals who have a greater percentage of European 
ancestry (Shaffer et al. 2007). Shaffer et al.’s (2007) work demonstrates the difference 
not only in body composition, but also the bone mass density of individuals separate from 
other body composition factors. This work reflects other studies, showing that those with 
a greater connection to African ancestry have a higher bone mass density (Shaffer et al. 
2007; Wright et al. 1995). The prevalence of the higher bone density in those of African 
ancestry may be in part due to a greater secretion of growth hormone in Africans as 
compared to other ancestries, along with a reduced rate of bone remodeling (Bell 1997; 
Wright et al. 1995). 
 In addition to the genetic factors affecting bone mineral density, bone density 
changes throughout an individual’s lifetime at various rates, depending on their genetic 
background and sex (Cauley et al. 2005; Harris and Dawson-Hughes 1996). In Cauley et 
al.’s (2005) study, the European American female sample had a higher rate of change in 
bone density than African American females, averaging 0.25% more loss on bone density 
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as compared to the African American sample population. This may be due to hormonal 
factors, which would further separate males and females in terms of development 
(Schlecht 2012). Overall, larger muscle mass and strength may further predispose males 
to the development of enthesophytes, as the larger mass allows for greater strain to be 
placed on the bone, causing the higher accumulation of bone mineral density regardless 
of ancestry in order to compensate (Harris and Dawson-Hughes 1996; Taaffe et al. 2001). 
Despite the effects that differences in lifestyle cause on bone mass accumulation in 
individuals, African Americans still typically possess a higher overall bone mass density 
than those individuals of other ethnic backgrounds (Bell 1997; Finkelstein et al. 2002; 
Hill et al. 2008). African individuals who have had less genetic admixture in their genetic 
background, such as those individuals in Western Africa as compared to those in Latin 
America, typically have even greater mineral accumulation (Bell 1997; Finkelstein et al. 
2002; Hill et al. 2008). 
In the current study of enthesophyte development, the author expands on the 
limits in previous research by including two ancestral groups in the sample instead of 
one, and by conducting correlations between and within these two ancestral groups. 
Ancestry is combined with the commonly documented factors of age, body size, sex, 
habitual activity, and occupation to establish a further correlation in the causes and 
likelihood of enthesophyte growth. Understanding the basic genetic predisposition for 
one underlying cause of enthesophyte development across ancestral groups provides for 
better identification of skeletal markers as physical evidence of historical records and aids 
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in individualizing those skeletal remains in both bioarchaeological and forensic contexts. 
Previous research demonstrates the importance of having socio-demographic records, 
whether from written records or from a biological profile, to compare enthesophyte 
development too; without an understanding of who an individual was, there is no way in 
which to compare. As such, the use of a modern collection in enthesophyte research is 
important for the further analysis of what can affect enthesophyte development.  
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CHAPTER III: MATERIALS AND METHODS 
 
 Much research exists on the methods of scoring enthesophyte development. From 
the pioneering study by Hawkey and Merbs (1995) to the expansion of methods by first 
Benjamin et al. (2006) and later Villotte et al. (2009), new information is continually 
published on the subject of enthesophyte development. However, these studies do not 
account for the potential differences between populations and do not include modern 
populations. A modern population of more than one ancestral origin provides a new set of 
data to contribute to the study of enthesophytes in order to understand their usefulness in 
current research. 
 
Sample 
 The skeletal sample for this study consists of individuals who have documented 
demographic information available for comparison with enthesophyte scoring data. The 
William M. Bass Donated Skeletal Collection at the University of Tennessee Knoxville 
provided the skeletal material for a sample size of 230 individuals aged 18-99 years, 
divided between individuals of European descent (174 individuals) and individuals of 
African descent (56 individuals) included in the study. While the William M. Bass 
Donated Skeletal Collection is a larger, modern skeletal collection, African Americans 
infrequently donate their bodies, and many individuals remain on loan for short course 
materials, resulting in an overall lower number than the available European American 
sample. The collection consists of individuals from the modern era, with the first 
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donations occurring in 1981 and extending through to 2017, containing over 1,700 
individuals with recorded socio-demographic information. Beside age, other demographic 
information available included occupations, habitual activities, height and weight of the 
individuals, along with the right or left handedness if provided by the individual. All 
individuals of African American ancestry available were included in the sample, 
regardless of the presence or absence of other demographic information. 
Tendon insertion sites of select bones of the upper and lower limbs of each 
individual were recorded for enthesophyte development. Individuals within the sample 
who express additional pathologies, including spondylosis, diffuse idiopathic skeletal 
hyperostosis (DISH), and osteoarthritis, were noted in data collection as these are 
commonly associated with enthesophyte growth and are considered degenerative 
diseases, which should not influence the overall size or shape of entheses according to 
Henderson’s (2013) study of entheses biology. Rather, such skeletal pathologies may be 
part of an underlying phenotypic predisposition to develop enthesophytes (Hardcastle et 
al. 2014) and should be considered in relation to whether there is a prevalence of 
enthesophytes in African Americans over European Americans. In this study only those 
individuals with significant pathological bone growth were excluded from the sample. 
The excluded individuals consisted of those who exhibited DISH through a mostly or 
entirely fused vertebral column (more than four fused vertebrae), or had such degraded 
bone structure from osteoporosis that the entire bone surface was porous. Such 
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pathologies were included in notes during both the enthesophyte scoring process and the 
compellation of demographic information (Table 3.1). 
Table 3.1. Number of study individuals by age group and ancestry. 
Age Total Mean 
Age 
Male, 
European 
Male, 
African 
Female, 
European 
Female, 
African 
20-39 14 31 5 4 3 2 
40-59 97 50.2 46 25 24 2 
60-79 104 68.3 48 14 37 5 
80+ 15 85.9 3 2 9 1 
Total 230 58.9 102 45 73 10 
 
No information on each individual’s socio-demographic status was known during 
the scoring process, with individuals chosen at random from the Excel spreadsheet 
provided with reference number identifications. Various tendon insertion sites of the 
scapula, humerus, ulna, and radius were measured for the upper limb and insertion sites 
on the femora, os coxae, patellae, tibiae, and calcanei were measured for the lower limb 
(Table 3.2). In order to prevent biased scoring of the enthesophyte development, the 
insertion sites were scored prior to recording the antemortem information. 
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Table 3.2. Insertion sites scored in the upper and lower limbs. 
Enthesophyte 
Type 
Limb Element Location Associated Muscle 
Fibrocartilaginous Upper 
limb 
Humerus Bicipital sulcus Teres major 
Greater tubercle Teres minor 
Lateral 
supracondylar 
ridge 
Extensor carpi 
ulnaris origin 
Bicipital sulcus Pectoralis major 
Greater tubercle Supraspinatus and 
infraspinatus 
Radius Radial tuberosity Biceps brachii 
Ulna Olecranon 
process 
Triceps brachii 
Coronoid process Brachialis 
Scapula Coracoid process Pectoralis minor 
Lower 
limb 
Pelvis Origin on ilium Gluteus medius 
Femur Greater 
trochanter 
Gluteus medius 
 
Patella Apex Common insertion 
of the quadriceps 
(quadriceps 
tendon) 
Base Patellar tendon 
Tibia Soleal line Popliteus 
Tibial tuberosity Quadriceps femoris 
and iliopsoas 
Medial surface to 
Tibial tuberosity 
Semitendinosus 
and Sartorius 
(Hamstring) 
Calcaneus Calcaneal 
tuberosity 
Gastrocnemius 
Fibrous Upper 
Limb 
Humerus Deltoid tuberosity Deltoid 
Lower 
limb 
Femur Linea aspera Adductor magnus 
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Two types of muscle tendon insertion sites were included in this study, 
fibrocartilaginous and fibrous (3.1). Fibrocartilaginous entheses are those insertion sites 
that are connected directly to a bone on an epiphysis or an apophysis, as with sites such 
as the biceps brachii insertion on the radial tuberosity of the radius. Fibrous entheses, 
however, are considered an indirect attachment site of the tendon to the diaphysis of the 
bone, connected via the periosteum tissue which covers the diaphysis of long bones, such 
as with the deltoid muscle on the deltoid tuberosity along the diaphysis of the humerus. 
 
 
 
 
Figure 3.1. Example of A) fibrocartilaginous insertion site (for the triceps 
brachii) and B) fibrous insertion site (for the deltoid). 
 
The majority of the fibrocartilaginous muscle tendon insertions included for the 
upper limb were based on the humerus, including two locations on the bicipital groove 
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for the insertion of the teres major and pectoralis major. These two muscle insertions are 
separate, with the teres major insertion focused on the distal end of the medial lip of the 
bicipital groove, while the pectoralis major is focused on the lateral lip of the bicipital 
groove. Three other insertion sites on the humerus were included: the insertion of the 
teres minor on the superior portion of the greater tubercle, the common insertion of the 
supraspinatus and infraspinatus on the anterior portion of the greater tubercle, as well as 
the attachment for the origin of the extensor carpi ulnaris on the lateral supracondylar 
ridge. The tendon insertions of the humerus were the first insertions sites scored on each 
individual during the scoring process. Moving distal from the humerus, the insertion for 
the biceps brachii on the radial tuberosity on the proximal radius was then scored. This 
was the only insertion on the radius included. Two insertion sites on the ulna were 
included: the insertion of the triceps brachii on the superior end of the olecranon process 
and the insertion of the brachialis on the coracoid process. One insertion site on the 
scapula was included to round out the fibrocartilaginous insertion sites scored on the 
upper limb, the insertion for the pectoralis major on the anterior border of the coracoid 
process. The insertion of the deltoid on the deltoid tuberosity on the posterior and lateral 
portion of the humerus was the one fibrous insertion site scored for the upper limb. 
The fibrocartilaginous muscle tendon insertion sites of the lower limb included 
locations on the pelvis, femur, patella, tibia, and calcaneus, with one fibrous insertion site 
included on the femur. One attachment site on the pelvis was included, the gluteus 
medius origin inferior to the lateral border of the iliac crest. The insertion site of the 
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gluteus medius on the superior and lateral portion of the greater trochanter was the one 
fibrocartilaginous site included on the femur. Two insertion sites were included on the 
patella: the insertion of the patellar tendon on the base of the patella and the common 
insertion of the quadriceps muscles in the quadriceps tendon on the apex of the patella. 
The tibia included the most insertion sites for any one bone in the lower limb. The 
insertion of the popliteus tendon along the soleal line on the posterior tibia was included, 
along with the insertions of the quadriceps femoris and Iliopsoas on the tibial tuberosity 
and the insertion of the semitendinosus and sartorius on the bone surface medial to the 
tibial tuberosity. One insertion site on the calcaneus was included in this study, the 
insertion of the gastrocnemius, commonly called the Achilles tendon, on the calcaneal 
tuberosity on the posterior surface of the bone. The one fibrous insertion included on the 
lower limb, as mentioned previously, was located on the femur, for the insertion of the 
adductor magnus along the linea aspera on the posterior of the femur. Despite previous 
research concluding that the change in lower limb entheses is not directly affected by 
activity levels, this study included the lower limb to investigate any possible changes due 
to ancestry, a factor that has not been included in any previous research (Niinimaki and 
Sotos 2012). 
 
Scoring Methodology 
The measurement of enthesophyte development were blindly scored according to 
the methods of Hawkey and Merbs (1995), in their 0-3 scoring system (Table 3.3). This 
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system was applied the same to entheses of both the upper and the lower limb. Both 
fibrous and fibrocartilaginous entheses were scored on the same 0-3 scoring system. 
Table 3.3. Enthesophyte scoring system following Hawkey and Merbs (1995) 
 
Score Description 
0 Smooth bone, no growth or activity 
1 Some bone growth/activity, some 
small bone growth spicules 
2 Significant bone growth/activity, 
large bone spicules 
3 Extremely significant bone 
growth/activity, large bone spicules 
N/A “Not applicable”, site obliterated or 
bone not present 
 
Enthesophyte development was classified based on the location of growth per 
Villotte et al. (2009), separating the growth sites into fibrous and fibrocartilaginous. 
Within these two categories, the upper and lower limbs were separated, and each of these 
were separated by individual bone type and side. In each of these categories, the scoring 
of enthesophyte growth was set on a 0 to 3 scale, with 0 equal to none, 1 equal to slight, 2 
equal to moderate, and 3 equal to severe, as shown in Figure 1 from Hawkey and Merbs’ 
(1995) study (Figure 3.2). A score of 0 was assessed when the insertion site was smooth 
with no growth and no activity on the bone surface. A score of 1 was assessed for 
insertion sites with some excess bone growth, or bone surface activity and with some 
small bone growth spicules. Scores of 2 displayed significant bone growth, bone surface 
changes, or larger bone spicules. Scores of 3 were assigned in cases where there was 
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extremely significant excess bone growth with large bone spicules, and/or significant 
changes to the bone surface at the insertion site. Any insertion sites that were obliterated, 
or in the case of bones that were missing, the insertion sites were assessed as “N/A”, or 
not applicable, and not included in final statistical analyses. Many studies involve 
physical measurement of enthesophyte growth (Hawkey and Merbs 1995; Henderson 
2013), while others consist of a strictly visual examination as in the current study 
(Niinimaki and Sotos 2012; Solano 2006; Rogers et al. 1996; Villotte et al. 2009; Villotte 
et al. 2010; Weiss 2015). As nearly all studies focus on the ordinal scoring of 
enthesophyte development, creating a standard among the literature, this study follows 
suit. 
 
Figure 3.2. Example of the Hawkey and Merbs (1995:327) 0-3 scoring system 
of the biceps brachii insertion on the radius. A) score 1 (slight enthesophyte 
development); B) score of 2 (moderate enthesophyte development); C) score 
of 3 (significant development). 
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Each insertion site was scored on both the left and the right sides for each 
individual, provided the bones were present for the individual. Each individual’s bones 
were laid out in anatomical position prior to scoring in order to quickly and efficiently 
score each insertion site. The sites were scored in the same order for each individual, 
beginning with the sites toward the superior aspect and ending at the inferior. As such, 
the upper limb was scored before the lower limb. The left side was scored before the right 
side, as the standard for collecting biological data in anthropology is to collect 
information primarily from the left side. Insertion sites that occur at the same anatomical 
landmark were scored in sequence in order to accurately determine that the proper 
insertion was being scored. The choice of fibrous insertion sites was based on previous 
studies and the large number of mentions that both the deltoid tuberosity and linea aspera 
received across the literature (Benjamin et al. 2002). The fibrocartilaginous insertion site 
choices were based heavily on what was mentioned in prior studies as well as on the 
heavy amount of usage the chosen sites likely have across all populations. 
Once collection of enthesophyte data from the skeletal sample was complete, each 
individual’s enthesophyte data was compared to their antemortem demographic 
information. Data was compiled for both the scoring of each tendon or ligament insertion 
site and the antemortem information into one spreadsheet for each ancestral sample, 
comparing across each part of the sample for associations between the enthesophyte 
growth, age, body size, occupation, habitual activity, and ancestry categories. Statistical 
comparisons were made in the Statistical Package for the Social Sciences (SPSS) 
	
	
	
 
	
	
	
29 
computer program, and were used to compare the entire sample of European American 
individuals with the entire sample of African American individuals to determine if there 
was an overall distinction in developmental differences. Prior to beginning data collection 
at UTK, a sample of the skeletal collection at Boston University School of Medicine was 
scored as a trial run in order to gain efficiency in measuring enthesophyte development 
and to develop a preliminary set up for the Excel spreadsheet. This preliminary data 
collection allowed for the determination of which insertion sites could be properly and 
efficiently scored. 
 
Statistical Analyses 
The present study utilized the visual assessment of enthesophyte development 
with non-parametric statistical analyses once the scoring data was collected. This method 
of analysis was chosen due to the ordinal nature of the scoring system. In order to 
establish correlations between the resulting scores and the socio-demographic factors, 
Spearman’s rho analyses were used. A Spearman’s rho test allows for the correlation of 
ordinal variables, providing the direction of the correlation (such as towards coded 
variables) and the p-value, which provides information on the significance of the 
correlation. Correlation tests were focused on the differences in enthesophyte growth 
between African American and European American ancestries, as well as correlations of 
occupation and habitual activities, sex, and age. Within these categories of demographic 
information, occupations were considered on the basis of labor intensive and non-labor 
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intensive, with a similar breakdown of habitual activities. The differences in categories 
for occupation were based on sedentary versus non-sedentary work, with sedentary 
occupations including administrative work such as secretary, accountant, and teacher, 
while non-sedentary occupations included construction work and nurses, as these 
occupations require long durations of standing work and heavy lifting. Habitual activities 
were categorized in the same way, with sedentary activities including knitting, typing, 
and the like, and non-sedentary activities such as sports or landscaping. Separate 
categories were used for individuals who were either unemployed or did not have a 
known occupation or activity. Age categories were broken down into 20-year increments 
after 40 years: 39 years or younger, 40-59 years, 60-79 years, and 80 years and above. No 
individuals over the age of 99 years were available in the William M. Bass Donated 
Skeletal Collection. 
Intraobserver error using the Cohen’s kappa statistic were used as an additional 
portion of this study on 14% of the sample size, equal to 32 individuals. This test was 
utilized to measure the agreement between the first set of scores and the second set. 
Cohen’s kappa allows for this type of multivariate test in ordinal data (Berry and Mielke 
1988). The individuals assessed for intraobserver error from the sample were chosen at 
random from each day’s completed individuals, with no preference made for either 
African American or European American ancestry, or for any other demographic 
information. Each individual scored during intraobserver analysis was scored in the same 
manner as the individuals for the study sample, progressing through each bone and 
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insertion site independently, and following the same scoring categories. All individuals 
were scored prior to the inclusion of demographic information for the study sample. 
All enthesophyte scores and demographic information for each individual were 
recorded in a Microsoft Excel spreadsheet. The spreadsheet used for recording in this 
study was organized based on the individually assigned case number (the order in which 
the individuals were scored for this study), each individual’s identification number (as 
assigned by the University of Tennessee, Knoxville), the site being scored, the nature of 
the insertion site, and the enthesophyte score. Data from the demographic information 
was retrieved and added into the spreadsheet once the insertion sites were scored and the 
intraobserver error sample scored. 
For the purposes of statistical analyses in this study, socio-demographic 
information was coded into SPSS as numbers. For sex, males were coded as a 0 and 
females were coded as a 1. For ancestry, European American individuals were assigned a 
0 and African American individuals were coded as a 1. Age groups were coded as 
follows: ≤39 was coded as a 0, the 40- 59 age group was coded as a 1, the 60-79 age 
group was coded as a 2, and the 80 and older group was coded as a 3. Occupation was 
again coded in numbers, with unknown labeled as N/A, unemployed coded as 0, 
laborious occupations and activities labeled as a 1, and non-laborious occupations and 
activities coded as a 2. This allowed for negative and positive correlation coefficients to 
be interpreted as to which group the enthesophyte development was more significant for.  
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Conclusion 
Methods for the scoring of enthesophyte development followed Hawkey and 
Merbs (1995) study with additions from Violette et al.’s (2009) methods for the inclusion 
of both fibrous and fibrocartilaginous entheses. Insertion sites to be scored were chosen 
based on which sites were included most in previous studies, and were scored on both the 
left and the right side of each individual. A total of 230 individuals from a modern 
collection were included in this study, with 14% of the sample used in intraobserver 
error. The results of the study are presented in Chapter IV.  
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CHAPTER IV: RESULTS 
 
Introduction 
Enthesophyte development at the tendon insertion sites from a total of 230 
individuals from the William M. Bass Donated Skeletal Collection were analyzed for this 
study. Of these individuals, 175 were of European American descent and 54 were of 
African American descent. In total, ten upper limb insertion sites on each the left and 
right side were scored, and nine lower limb insertion sites for each the left and right side 
were scored for each individual. The scores for each insertion site varied for each 
individual; however, it appeared throughout the scoring process in this study that a higher 
score would be assessed for certain insertion sites and a lower score would be assessed 
for other insertion sites. For example, when assessing scores for the insertions of the teres 
major and the pectoralis major along the medial lip and later lip of the bicipital groove of 
the humerus were more likely to be assessed a score of 2 or 3 than the insertion of the 
brachialis on the coracoid process of the ulna, which was more likely to be assessed a 
score of a 0 or 1, regardless of the age, occupation, or sex of the individual. The sites 
which routinely displayed a greater development of enthesophytes were those insertions 
sites of muscles that typically are used and overused in daily activities such as heavy 
lifting during construction work, constant movement during a nurse’s shift, or daily 
running. 
 Individuals were chosen at random from a sample list provided by personnel at 
the William M. Bass Donated Skeletal Collection. Individuals were examined over the 
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course of 16 days, split across three weeks. On average, 17 individuals were analyzed per 
day. The average time spend analyzing each individual did not vary greatly from study 
one of each day to the final study; each individual required roughly 25 minutes to 
complete an analysis. The insertion sites which were not available for scoring were 
marked “N/A”; most of these missing data points occurred in the lower limb, while those 
in the upper limb typically consisted of an entire element being missing or out of the 
collection for a university course. Other missing data points were obscured due to bone 
loss and breakage in osteoarthritic cases. In some cases, such as with the humerus, only a 
portion of the insertion site was obscured, while the remaining portion was still visible 
for scoring. 
 For the purpose of this study, the individuals analyzed were separated into sex, 
ancestry, and age groups for statistical analyses (Table 4.1). In addition to analyzing 
European American and African American individuals, males and females were also 
divided. Age groups were created in 20-year segments, ≤39 years of age, 40-59 years of 
age, 60-79 years of age, and 80 years of age or older. Occupation was separated into one 
of four categories depending on what information was available. For those individuals 
whose occupation or habitual activities were unknown or not available, N/A was listed 
under their occupation. 
 
 
	
	
	
 
	
	
	
35 
Table 4.1. Number of study individuals per age group by sex and ancestry 
categories. 
 
 Totals Male Female European African 
European 174 99 75 174 __________ 
African 56 45 11 ___________ 56 
Age <39 14 9 5 8 6 
Age 40-59 97 70 27 70 27 
Age 60-79 104 61 43 85 19 
Age 80+ 15 5 10 12 3 
Total 230 144 86 174 56 
 
The Expression of Enthesophyte Development 
The upper limb varied greatly in scores among individuals. While the humeri 
insertion site scores of most individuals were within one number of each other, some 
individuals ranged from a score of 1 at some sites to a score of 3 at other insertion sites. 
The insertion sites on the medial and lateral lips of the bicipital groove expressed 
enthesophyte development in a similar manner, with individuals often having a slight 
difference between the left and right sides. Scores of 0 were assessed in cases where the 
lip of the groove was smooth and even with the surface of the bone. A raised groove lip 
with a bumpy surface was scored as a 1, while a 2 was exemplified by a shallow groove 
along the top of the lip with ridging around the depression. A score of 3 consisted of a 
deep depression with bone spicule growth around the edges. The lip of the lateral 
supracondylar crest was scored depending on the development of projecting bone 
spicules and the sharp ridge growth on the crest. The superior and anterior surfaces of the 
greater tubercle of the humerus displayed enthesophyte development differently, and 
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while often within one score of the medial and lateral lip of the bicipital groove the score 
was typically lower than the insertions for the larger muscles. Both insertion sites were 
scored a 0 when the surface was smooth with no interruptions. The superior surface score 
increased as the surface became uneven and the number of bone spicules began to 
increase. Scores of 3 were assessed with the presence of bone spicule projections on the 
border and surface of the insertion site. The anterior surface remained smooth for a score 
of 0, while more ridges of bone growth were present with higher scores and contained 
bone spicule growth on the border in scores of 3. 
The radial tuberosity of the radius displayed a wide range in the expression the 
development of enthesophytes from a score of 0 to a score of 3. Where a score of 0 for 
the radial tuberosity involves a smooth, even bone surface, the insertion site was much 
rougher on the surface and the tuberosity was overall enlarged in a score of 1. Once the 
edges of the tuberosity became raised and formed an uneven ridge around one side of the 
tuberosity, a score of 2 was assigned. A score of 3 occurred in cases where the ridge of 
bone growth on the tuberosity present in a score of 2 became raised enough to form a 
cavity under the overgrowth of bone ridge growing over the tuberosity in a wave shape. 
The scoring of the olecranon process of the ulna was typical in its appearance for each 
score. A score of 0 had a very smooth surface over the olecranon, with no protrusions or 
uneven surface appearance. A score of 1 was assessed in cases where there were no bone 
spicules but there was a defined difference in the surface level protrusion of the olecranon 
compared to the superior surface of the ulna. A score of 1 was also assessed where there 
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were defined lines on the olecranon but no substantial differences in surface level 
protrusion. A score of 2 had a defined protrusion of the insertion site up to or slightly 
above the level of the superior surface of the ulna and had defined lines of bone growth 
or bone spicules. Scores of 3 were the most pronounced protrusion well above the 
superior surface of the bone and had jagged bony spines developing. The insertion site of 
the brachialis muscle on the ulnar tuberosity passing over the coronoid process was not as 
variable as the olecranon process. A score of 0 was assessed where the tuberosity and 
coronoid process were smooth with no sharpened edges or bone growth. A score of 1 
consisted of a roughening of the tuberosity and lipping of the coronoid process. As the 
tuberosity developed a ridge around the edges and the coronoid process began to develop 
a sharp ridge, a score of 2 was assessed. With the development of bone spicules in the 
tuberosity and spicules or a curved in edge on the coronoid process, a score of 3 was 
assessed. The coracoid of the scapula had less projecting enthesophyte development 
compared to many other insertion sites of the upper limb. The anterior portion of the 
coracoid contains the insertion for the Pectoralis minor, remaining smooth in individuals 
with a score of 0 and displaying disorganized bone surface development in scores of 1. A 
score of 2 occurred when areas of bone began to project forward, usually in a dome shape 
or with small bone spicule growth. As bone spicule growth developed further and the 
domed bone shapes grew larger, a score of 3 was recorded. 
Very few individuals displayed lower limbs insertion sites with a score of 0. 
Those individuals with such low scores typically were younger (under the age of 40 
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years) and occurred most prominently at insertion sites on the tibia and on the base of the 
patella. Enthesophyte development of the gluteus medius on the greater trochanter of the 
femur varied, with only two individuals displaying a score of 0. This insertion site veered 
toward the higher end of scoring, usually a score of 2 or 3. The patellae displayed a 
variety of enthesophyte patterns. Variation occurred with some individuals displaying 
extreme development on the apex and very slight development on the base, while in other 
individuals the opposite was expressed. In some cases, development was equal on both 
the apex and the base. Depending on the severity of the development, enthesophytes on 
the patella could extend beyond the border of the bone. 
The tibiae displayed development from a score of 0 to a score of 3, varying in 
development among the three insertion sites scored. The tibial tuberosity typically 
displayed the most severe enthesophyte growth of the three tibia insertion sites. This 
growth ranged from rounded knob-like growth to raised ridges of spiny bone growth to 
extremely projecting bone growth. The surface medial to the tibial tuberosity, the 
insertion site of the semitendinosus and sartorius muscles, displayed enthesophyte 
development in a different manner. This surface remained relatively smooth, disrupted by 
disorganized lines of bone growth close to the surface and eventually small bone spicule 
growth. Spicule development was rare at this insertion site, only occurring in 15 instances 
and on both the left and right side for only two individuals, otherwise never in both sides 
of the same individual. The insertion for the popliteus ranged from a smooth, almost non-
existent line, to one or two large projections or a long low ridge of bone growth, to a 
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large raised ridge of bone and several large bone growth projections. The calcaneal 
tuberosity displayed a variety of scores, often quite severe. The calcaneal tuberosity is 
usually a smooth, slightly protruding portion on the posterior surface of the calcaneus. 
This protrusion runs in a roughly straight line from medial to lateral, with enthesophyte 
development first expressing an enlargement of the protrusion and lines of growth 
developing on the superior edge. More severe cases are recognizable by the projecting 
bone spicules on the superior portion of the tuberosity. This could occur either as 
intermittent growth along the entire tuberosity, along only the medial or the lateral 
portion of the tuberosity, or across the entire tuberosity. 
 
Statistical Analysis 
Statistical analyses for the development of enthesophytes in the upper and lower 
limbs were done primarily through Spearman’s rank order correlation coefficients (rho) 
tests. Spearman’s rho tests were conducted on all insertion sites for each the upper and 
lower limb against the factors of sex, ancestry, and age groups. These combinations were 
also conducted as a Pearson correlation to test the strength of the correlations. Most of the 
Spearman’s rho and Pearson correlation analyses came to the same conclusion as to 
which socio-demographic categories displayed a significant association with 
enthesophyte development. For the calculation of intra-observer agreement, Cohen’s 
kappa analyses were run. All analyses were run through SPSS. 
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Sex 
Within the upper limb, the enthesophyte development scores displayed significant 
difference at the p < 0.05 level between males and females at certain insertion sites, while 
other insertion sites did not display any significance (Table 4.2). Spearman’s rho analysis 
displayed a significance between males and females for the left and right insertion of the 
teres major, pectoralis major, deltoid, and triceps brachii at the 99% confidence interval 
(CI). Both the left and right radial tuberosities were significant at different levels. The left 
insertion of the biceps brachii was significant at the p < 0.05 level with a 0.013 
significance between males and females, while the right side was a significant correlation 
at the 99% CI. The left insertion for the brachialis muscle was the only side that was 
significant along the coronoid process to the ulnar tuberosity at 0.002. The scapula did 
not have a significant difference. Overall, the upper limb showed a tendency for males to 
have greater enthesophyte development at a statistically significant level. 
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Table 4.2. Sexually dimorphic Spearman’s rho significance by insertion site for the 
upper limb. 
 
Muscle p - value Correlation 
Teres minor Left: 0.138 Positive correlation (Female) 
Right: 0.166 Positive correlation (Female) 
Teres major Left: p < 0.01* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
Extensor carpi ulnaris Left: 0.421 Negative correlation (Male) 
Right: 0.071 Negative correlation (Male) 
Pectoralis major Left: p < 0.01* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
Supraspinatus and 
Infraspinatus 
Left: 0.077 Negative correlation (Male) 
Right: 0.699 Negative correlation (Male) 
Biceps brachii Left: p < 0.05* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
Triceps brachii Left: p < 0.01* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
Brachialis Left: p < 0.01* Negative correlation (Male) 
Right: 0.216 Negative correlation (Male) 
Pectoralis minor Left: 0.126 Positive correlation (Female) 
Right: 0.118 Positive correlation (Female) 
Deltoid Left: p < 0.01* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
*Statistically significant at p < 0.05 level or higher 
The significance of enthesophyte development on the lower limb varied 
depending on the insertion site (Table 4.3). The gluteus medius attachment on the ilium 
of the pelvis did not show a significance between males and females; however, the right 
and left side did have a high significance for the insertion site on the greater trochanter of 
the femur. The insertion was significant at 95% for the left side, while the right side was 
significant at the 99% CI between males and females. The common insertion for the 
quadriceps femoris on the left patellar apex was the most significant of the patellar 
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insertion sites, while the right was the least significant between males and females. 
Between the males and females, the tibial tuberosity displayed a significance. The left 
side reached a p < 0.01 level while the right side reached the 95% CI. The insertion site 
for the semitendinosus and sartorius muscles was significant for both the left and the right 
side. Here, the right side displayed a greater significance at the 99% level while the left 
side was lower at the 95% level. The calcaneus did not have a significant difference 
between male and female and was in fact highly insignificant in whether the individual 
was male or female. 
Table 4.3. Sexually dimorphic Spearman’s rho significance by insertion site for the 
lower limb. 
 
Muscle p - value Correlation 
Gluteus medius attachment Left: 0.799 Negative correlation (Male) 
Right: 0.712 Negative correlation (Male) 
Gluteus medius insertion Left: p < 0.05* Positive correlation (Female) 
Right: p < 0.01* Positive correlation (Female) 
Adductor magnus Left: 0.408 Negative correlation (Male) 
Right: 0.252 Negative correlation (Male) 
Patellar tendon Left: 0.224 Negative correlation (Male) 
Right: 0.547 Negative correlation (Male) 
Quadriceps tendon Left: 0.078 Negative correlation (Male) 
Right: 0.714 Negative correlation (Male) 
Popliteus Left: 0.285 Positive correlation (Female) 
Right: 0.620 Negative correlation (Male) 
Quadriceps femoris and 
Iliopsoas 
Left: p < 0.01* Negative correlation (Male) 
Right: p < 0.05* Negative correlation (Male) 
Semitendinosus and 
Sartorius 
Left: p < 0.05* Negative correlation (Male) 
Right: p < 0.01* Negative correlation (Male) 
Gastrocnemius Left: 0.820 Positive correlation (Female) 
Right: 0.756 Negative correlation (Male) 
*Statistically significant at p < 0.05 level or higher 
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Ancestry 
As with comparing enthesophyte development between males and females, 
European American and African American individuals had variable significance 
depending on the insertion site scored (Table 4.4). Of the fibrocartilaginous insertion sites 
of the humerus, the left side attachment of the extensor carpi ulnaris was the most 
significant; however, this was only significant at 0.067, which did not quite reach the 
95% CI. The ulna displayed a statistically significant difference for the olecranon 
process, the site of the insertion for the triceps brachii. Both the left and right sides 
reached the 95% CI according to Spearman’s rho tests. With the scapula, the pectoralis 
minor was not significant for the left side in any way, however the right side was 
significant at a 99% CI. The final insertion site scored for the upper limb, the insertion for 
the deltoid, was significant for the left side at the 95% confidence interval between 
African Americans and European Americans. 
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Table 4.4. Spearman’s rho significance by insertion site upper limb and ancestry. 
Muscle p – value Correlation 
Teres minor Left: 0.80 Negative correlation (European) 
Right: 0.313 Negative correlation (European) 
Teres major Left: 0.275 Negative correlation (European) 
Right: 0.583 Negative correlation (European) 
Extensor carpi ulnaris Left: 0.067 Negative correlation (European) 
Right: 0.321 Negative correlation (European) 
Pectoralis major Left: 0.258 Positive correlation (African) 
Right: 0.239 Positive correlation (African) 
Supraspinatus and 
Infraspinatus 
Left: 0.662 Positive correlation (African) 
Right: 0.721 Negative correlation (European) 
Biceps brachii Left: 0.915 Positive correlation (African) 
Right: 0.394 Positive correlation (African) 
Triceps brachii Left: p < 0.05* Positive correlation (African) 
Right: p < 0.05* Positive correlation (African) 
Brachialis Left: 0.818 Positive correlation (African) 
Right: 0.307 Negative correlation (European) 
Pectoralis minor Left: 0.627 Negative correlation (European) 
Right: p < 0.01* Negative correlation (European) 
Deltoid Left: p < 0.05* Positive correlation (African) 
Right: 0.063 Positive correlation (African) 
*Statistically significant at p < 0.05 level or higher. 
Not only did the upper limb display variation in what insertion sites were 
significant between African Americans and European Americans, but so did the lower 
limb (Table 4.5). The attachment site of the gluteus medius was significant on the left 
side at the 99% CI, as well as at the 95% level on the right side for European American 
individuals. Additionally, its insertion on the greater trochanter of the femur was 
significant for the left side at a 99% CI, displaying a high significance with European 
American ancestry. The insertion for the patellar tendon was significant for the left side 
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at the 95% CI with a greater development in African American individuals, however the 
right side was not significant. No insertion sites on the tibia were significant. The 
calcaneus was not statistically significant, with extreme enthesophyte development 
prevalent across both African Americans and European Americans. Overall, the insertion 
sites were not significant towards one ancestry; however, depending on the insertion site 
scored, there was statistically significant enthesophyte development for both African 
American ancestry and European American ancestry.  
Table 4.5. Spearman’s rho significance by insertion site lower limb and ancestry. 
Muscle p - value Correlation 
Gluteus medius attachment Left: p < 0.01* Negative correlation (European) 
Right: p < 0.05* Negative correlation (European) 
Gluteus medius insertion Left: p < 0.01* Negative correlation (European) 
Right: 0.136 Negative correlation (European) 
Adductor magnus Left: 0.484 Negative correlation (European) 
Right: 0.634 Positive correlation (African) 
Patellar tendon Left: p < 0.05* Positive correlation (African) 
Right: 0.224 Positive correlation (African) 
Quadriceps tendon Left: 0.295 Positive correlation (African) 
Right: 0.642 Positive correlation (African) 
Popliteus Left: 0.55 Positive correlation (African) 
Right: 0.912 Positive correlation (African) 
Quadriceps femoris and 
Iliopsoas 
Left: 0.675 Negative correlation (European) 
Right: 0.517 Negative correlation (European) 
Semitendinosus and Sartorius Left: 0.195 Negative correlation (European) 
Right: 0.95 Negative correlation (European) 
Gastrocnemius Left: 0.493 Negative correlation (European) 
Right: 0.845 Negative correlation (European) 
*Statistically significant at p < 0.05 level or higher. 
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Occupation 
 As seen in the initial studies of enthesophytes development from Hawkey and 
Merbs (1995), the correlation of laborious occupations in archaeological populations with 
higher enthesophyte development was similarly seen in this modern population (Table 
4.6). With the insertion sites of the humerus, the insertion for the Pectoralis major on the 
right side was significant at the p < 0.05 level, displaying what would perhaps be the 
most classic example of an occupational stress marker: a large muscle used repeatedly for 
heavy lifting on the primarily dominant side of the body. On the left humerus however, it 
was the common insertion site for the supraspinatus and infraspinatus which reached 
significance at 0.051 for a negative correlation, again showing the correlation was with 
the more laborious occupations. The insertion site for the deltoid was significant at the p 
< 0.01 level for the left side and at the p < 0.05 level for the right side, with both 
displaying a negative correlation to development and making the insertion sites 
significant for laborious occupations. Both the left and the right insertion sites for the 
biceps brachii were near but not quite at a significant level for a negative correlation. 
With the ulna, the insertion for the brachialis nearly reached a significant level, at 0.053 
for the left side and 0.084 for the right. The insertion for the pectoralis minor was 
significant only on the right side, again the predominantly dominant side for most of the 
population, at a 0.014 level. The difference seen here is how the insertion of the 
pectoralis minor was actually a positive correlation, showing a significance with 
enthesophyte development in the less laborious occupations than in the highly laborious 
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occupations. Despite this one outlier, the upper limb was mostly highly correlated with 
greater enthesophyte development in laborious occupations and activities. 
Table 4.6. Spearman’s rho significance by insertion site for the upper limb and 
occupation. 
 
Muscle p - value Correlation 
Teres minor Left: 0.610 Negative correlation (laborious) 
Right: 0.749 Negative correlation (laborious) 
Teres major Left: 0.927 Negative correlation (laborious) 
Right: 0.858 Negative correlation (laborious) 
Extensor carpi ulnaris Left: 0.89 Positive correlation (non-laborious) 
Right: 0.529 Negative correlation (laborious) 
Pectoralis major Left: 0.287 Negative correlation (laborious) 
Right: p < 0.05* Negative correlation (laborious) 
Supraspinatus and 
Infraspinatus 
Left: p < 0.05* Negative correlation (laborious) 
Right: 0.60 Negative correlation (laborious) 
Biceps brachii Left: 0.123 Negative correlation (laborious) 
Right: 0.081 Negative correlation (laborious) 
Triceps brachii Left: 0.685 Negative correlation (laborious) 
Right: 0.175 Negative correlation (laborious) 
Brachialis Left: 0.053 Negative correlation (laborious) 
Right: 0.084 Negative correlation (laborious) 
Pectoralis minor Left: 0.34 Positive correlation (non-laborious) 
Right: p < 0.05* Positive correlation (non-laborious) 
Deltoid Left: p < 0.01* Negative correlation (laborious) 
Right: p < 0.05* Negative correlation (laborious) 
*Statistically significant at p < 0.05 level or higher.  
In the lower limb, there was variation among the level of significance for each 
site; however, there were only a few insertion sites which came close to displaying 
significance, and none displayed a correlation at the 95% CI (Table 4.7). Only the fibrous 
insertion site of the adductor magnus came close to being significant, at 0.097 for the left 
side and positively correlated with less laborious occupations. Despite no significant 
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results here, there were correlations which can be inferred from the Spearman’s rho 
correlations. For the lower limb, there was a much higher prevalence of correlation with 
the non-laborious occupations, showing the greater relationship of lower limb 
enthesophyte development with age, sex, and ancestry over occupation. The gluteus 
medius was in fact positively correlated, aligning with less laborious occupations. The 
insertion sites of the patella were the opposite; the quadriceps femoris and patellar tendon 
were more closely correlated with the more laborious occupations. The tibia was again 
opposite, with only the right insertion of the semitendinosus and sartorius being 
correlated with the more laborious occupations. The calcaneus was also more closely 
associated with non-laborious occupations. While overall enthesophyte development was 
more closely correlated with laborious occupations over non-laborious occupations, the 
lower limb did not display as distinct a difference as the upper limb. 
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Table 4.7. Spearman’s rho significance by insertion site for the lower limb and 
occupation. 
 
Gluteus medius attachment Left: 0.413 Positive correlation (non-laborious) 
Right: 0.50 Positive correlation (non-laborious) 
Gluteus medius insertion Left: 0.17 Positive correlation (non-laborious) 
Right: 0.775 Negative correlation (laborious) 
Adductor magnus Left: 0.097 Positive correlation (non-laborious) 
Right: 0.9 Negative correlation (laborious) 
Patellar tendon Left: 0.40 Negative correlation (laborious) 
Right: 0.27 Negative correlation (laborious) 
Quadriceps tendon Left: 0.25 Positive correlation (non-laborious) 
Right: 0.65 Positive correlation (non-laborious) 
Popliteus Left: 0.32 Positive correlation (non-laborious) 
Right: 0.14 Positive correlation (non-laborious) 
Quadriceps femoris and 
Iliopsoas 
Left: 0.50 Positive correlation (non-laborious) 
Right: 0.65 Positive correlation (non-laborious) 
Semitendinosus and 
Sartorius 
Left: 0.174 Positive correlation (non-laborious) 
Right: 0.69 Negative correlation (laborious) 
Gastrocnemius Left: 0.30 Positive correlation (non-laborious) 
Right: 0.94 Positive correlation (non-laborious) 
 
Age Group 
According to Spearman’s rho analyses, all insertion sites of the upper limb were 
significantly correlated with older age, except for the left supraspinatus, right triceps 
brachii, and the left and right deltoids (Table 4.8). The majority of the significant 
insertion sites were at a 99% CI, while the right teres minor and left triceps brachii were 
significant in the 95% CI. The upper limb was most significant for the 60-79-year age 
group. 
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Table 4.8. Spearman’s rho significance by insertion site for the upper limb and age. 
Teres minor Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.05* Positive correlation (Older) 
Teres major Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Extensor carpi ulnaris Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Pectoralis major Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Supraspinatus and 
Infraspinatus 
Left: 0.17 Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Biceps brachii Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Triceps brachii Left: p < 0.05* Positive correlation (Older) 
Right: 0.13 Positive correlation (Older) 
Brachialis Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Pectoralis minor Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Deltoid Left: 0.61 Positive correlation (Older) 
Right: 0.23 Positive correlation (Older) 
*Statistically significant at p < 0.05 level or higher. 
As with the upper limb, all insertion sites in the lower limb were also correlated 
with older age (Table 4.9). The right gluteus medius attachment, both gluteus medius 
insertions, both the left and right adductor magnus, and the right quadriceps tendon were 
all significant at a 99% CI, while the left gluteus medius attachment, both patellar tendon 
insertions, and the left quadriceps tendon were significant at the 95% CI. Overall, neither 
the calcaneus or the tibia were significant between age groups for any of the insertion 
sites, but did have the most development occur in the 80 years or older age group. The 
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remainder of the lower limb insertion sites displayed the most enthesophyte growth in the 
60-79-year age group. 
Table 4.9. Spearman’s rho significance by insertion site for the lower limb and age. 
Gluteus medius attachment Left: p < 0.05* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Gluteus medius insertion Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Adductor magnus Left: p < 0.01* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Patellar tendon Left: p < 0.05* Positive correlation (Older) 
Right: p < 0.05* Positive correlation (Older) 
Quadriceps tendon Left: p < 0.05* Positive correlation (Older) 
Right: p < 0.01* Positive correlation (Older) 
Popliteus Left: 0.16 Positive correlation (Older) 
Right: 0.52 Positive correlation (Older) 
Quadriceps femoris and 
Iliopsoas 
Left: 0.072 Positive correlation (Older) 
Right: 0.087 Positive correlation (Older) 
Semitendinosus and Sartorius Left: 0.26 Positive correlation (Older) 
Right: 0.45 Positive correlation (Older) 
Gastrocnemius Left: 0.46 Positive correlation (Older) 
Right: 0.37 Positive correlation (Older) 
*Statistically significant at p < 0.05 level or higher. 
 
 
Intraobserver Error 
The twelve individuals analyzed on day one were analyzed a second time during 
the month at UTK in order to control for observer variation in scoring. Unlike the 
purposeful choice of re-assessing individuals scored on the first day, the 32 individuals 
scored for the assessment of intraobserver error were chosen at random from a list of 
personal identification numbers belonging to those individuals who had already been 
scored. This was done by copying the identification numbers into an Excel spreadsheet, 
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randomizing the column, and pulling numbers from that list. In total, 32 individuals were 
used for this random intraobserver assessment. This provided two levels of intraobserver 
error, one at random and one of known scores. These individuals were interspersed with 
the regular scoring of individuals following the same procedure. Statistical analysis of the 
intra-observer agreement was calculated with the Cohen’s kappa statistic for each 
insertion site. As in Landis and Koch (1977), insertion sites were labeled as slight 
agreement from 0.0-0.20, fair agreement from 0.21-0.40, moderate agreement from 0.41-
0.60, substantial agreement from 0.61-0.80, and almost perfect agreement from 0.81-
1.00. Those insertion sites with agreement over 0.61 were labeled as substantial 
agreement or better. 
The results of the statistical analysis of intraobserver error for the upper limb 
varied based on the insertion site (Table 4.10). The teres minor, right extensor carpi 
ulnaris, left pectoralis major, supraspinatus, biceps brachii, left triceps brachii, brachialis, 
and pectoralis minor were all in substantial agreement. The right extensor carpi ulnaris 
was in almost perfect agreement, one of the highest levels of agreement in either the 
upper or lower limb.  
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Table 4.10. Cohen’s kappa results for the upper limb. 
Muscle Level of Agreement Category of Agreement 
(Landis and Koch 1977) 
Teres minor 
 
Left: 0.84 Almost perfect 
Right: 0.76 Substantial 
Teres major Left: 0.29 Fair 
Right: 0.51 Moderate 
Extensor carpi ulnaris Left: 0.56 Moderate 
Right: 0.95 Almost perfect 
Pectoralis major Left: 0.90 Almost perfect 
Right: 0.49 Moderate 
Supraspinatus and Infraspinatus Left: 0.81 Almost perfect 
Right: 0.86 Almost perfect 
Biceps brachii Left: 0.65 Substantial 
Right: 0.85 Almost perfect 
Triceps brachii Left: 0.70 Substantial 
Right: 0.57 Moderate 
Brachialis Left: 0.80 Substantial 
Right: 0.77 Substantial 
Pectoralis minor Left: 0.62 Substantial 
Right: 0.91 Almost perfect 
Deltoid Left: 0.56 Moderate 
Right: 0.13 Poor 
 
The lower limb displayed varying agreement in the intraobserver assessments 
(Table 4.11). The attachment for the gluteus medius on the os coxae, left insertion of the 
gluteus medius, right adductor magnus, left quadriceps tendon, right popliteus, left 
quadriceps femoris and iliopsoas, and the right gastrocnemius were all substantial of 
better. The remainder of the insertion sites on the lower limb were moderate, fair, or 
poor. 
 
	
	
	
 
	
	
	
54 
Table 4.11. Cohen’s kappa results for the lower limb. 
Muscle Level of agreement Category of agreement 
(Landis and Koch 1977) 
Gluteus medius attachment Left: 0.86 Almost perfect 
Right: 0.73 Substantial 
Gluteus medius insertion Left: 0.84 Almost perfect 
Right: 0.41 Moderate 
Adductor magnus Left: 0.57 Moderate 
Right: 0.96 Almost perfect 
Patellar tendon Left: 0.21 Fair 
Right: 0.53 Moderate 
Quadriceps tendon Left: 0.84 Almost perfect 
Right: 0.56 Moderate 
Popliteus Left: 0.16 Poor 
Right: 0.87 Almost perfect 
Quadriceps femoris and 
Iliopsoas 
Left: 0.69 Substantial 
Right: 0.48 Moderate 
Semitendonosus and 
Sartorius 
Left: 0.59 Moderate 
Right: 0.09 Poor 
Gastrocnemius Left: 0.59 Moderate 
Right: 0.79 Substantial 
 
Few insertion sites scored for the twelve individuals assessed on the first day of 
data collection and again towards the end of the data collection period showed a 
substantial agreement in either the upper of the lower limb (Table 4.12). The insertion of 
the teres major was variable from the left to the right, with only the right side in almost 
perfect agreement. The attachment for the extensor carpi ulnaris had almost perfect 
agreement for both the left and the right side as well. 
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Table 4.12. Cohen’s kappa results for the upper limb scored on the first day. 
Muscle Level of agreement Category of agreement 
(Landis and Koch 1977) 
Teres minor Left: 0.25 Fair 
Right: 0.44 Moderate 
Teres major Left: 0.06 Poor 
Right: 0.83 Almost perfect 
Extensor carpi ulnaris Left: 0.83 Almost perfect 
Right: 0.82 Almost perfect 
Pectoralis major Left: 0.09 Poor 
Right: 0.06 Poor 
Supraspinatus and 
Infraspinatus 
Left: 0.65 Substantial 
Right: 0.51 Moderate 
Biceps brachii Left: 0.04 Poor 
Right: 0.43 Moderate 
Triceps brachii Left: 0.31 Fair 
Right: 0.24 Fair 
Brachialis Left: 0.28 Fair 
Right: 0.37 Fair 
Pectoralis minor Left: 0.56 Moderate 
Right: 0.08 Poor 
Deltoid Left: 0.60 Moderate 
Right: 0.20 Poor 
 
Tendon insertion sites in the lower limb varied in agreement between the first and 
second assessments as the upper limb; however, there was overall lower agreement than 
in the upper limb with only one insertion site in agreement over 0.80 (Table 4.13). Five 
other insertion sites in the lower limb were of substantial agreement. 
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Table 4.13. Cohen’s kappa results for the lower limb scored on the first day. 
Muscle Level of agreement Category of agreement 
(Landis and Koch 1977) 
Gluteus medius attachment Left: 0.53 Moderate 
Right: 0.19 Poor 
Gluteus medius insertion Left: 0.44 Moderate 
Right: 0.24 Fair 
Adductor magnus Left: 0.64 Substantial 
Right: 0.37 Fair 
Patellar tendon Left: 0.16 Poor 
Right: 0.01 Poor 
Quadriceps tendon Left: 0.61 Substantial 
Right: 0.79 Substantial 
Popliteus Left: 0.79 Substantial 
Right: 0.38 Fair 
Quadriceps femoris and 
Iliopsoas 
Left: 0.44 Moderate 
Right: 0.47 Moderate 
Semitendinosus and Sartorius Left: 0.23 Fair 
Right: 0.83 Almost perfect 
Gastrocnemius Left: 0.34 Fair 
Right: 0.79 Substantial 
 
Scoring the enthesophyte development at the insertion site of tendons was a 
relatively simple process; however, as the results demonstrate, the range of scores can be 
correlated in many different ways. As demonstrated by the Cohen’s kappa analyses of the 
intraobserver agreement, there was variation between the days in which individuals were 
scored, showing a change in how insertion sites were assessed over time. The greatest 
correlations in enthesophyte development with socio-demographic factors occurred 
between different age groups; however, there were significant correlations with other 
factors depending on which insertion site was used.  
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When comparing the results of each socio-demographic category, the significance 
of the development of enthesophytes varied across the insertion sites, with some 
categories, such as age groups, having an expected correlation, and other categories, such 
as non-laborious occupations, having unexpected significant development with one 
tendon insertion site. Sex differences played a significant role for males, while ancestry 
was only significant in a few insertion sites and was not significant for only one group. 
Intraobserver agreement was tested through Cohen’s kappa, demonstrating how the 
results are reproducible and not due to random chance in scoring; some insertion sites, 
however, were not in high agreement. Many biological and socio-demographic factors 
have a role in determining how enthesophyte development occurs, and must be 
considered when interpreting the results of the data. 
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CHAPTER V: DISCUSSION 
 
 The research on the development of enthesophytes in correlation with various 
socio-demographic categories involves viewing how the different categories may 
influence the amount of bone growth while considering that there are various biological 
influences acting on the entheses at the same time. Defining which factors have the 
greatest influence helps to exclude extraneous information from the equation and allows 
for a better focus on what factors are the most important in order to properly assess data 
from an individual. Age, sex, ancestry, and occupation have been examined through 
statistical analyses, showing that age and sex have a larger role in development, while 
occupation and ancestry exhibit a narrower margin of effect on development. Taking the 
results from this study, interpretations may be made about what socio-demographic 
factors have a greater correlation with specific insertion site enthesophyte growth, as well 
as what biological factors may contribute to their development. 
 
Enthesis biology 
 Enthesis biology varies based on the location of the insertion site, and depends, in 
part, on whether the insertion site is fibrocartilaginous or fibrous (Benjamin et al. 2002; 
Benjamin and McGonagle 2009; Benjamin and Ralphs 1998; Weiss 2015). The type of 
insertion site is based on the location on the bone where it is located, if the insertion is 
based on the epiphysis of a bone or if the site is on the diaphysis of the bone. The 
variation in how a tendon stretches and absorbs mechanical loading forces depends on 
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these locational factors. The direct attachment of tendon soft tissue to the 
fibrocartilaginous entheses induces calcification within the soft tissue before calcification 
begins in the soft tissues attaching to the epiphysis (Niinimaki 2012; Niinimaki and Sotos 
2012). This accounts for the spiny growth type seen across all of the fibrocartilaginous 
insertion sites. In these sites, there is no additional tissue inhibiting the ossification of 
tendon soft tissues against cortical bone. The periphery development of enthesophytes at 
the fibrocartilaginous entheses was seen in all of the insertion sites. The injuries to tissues 
first appear along the edge of the enthesis, with more extreme cases covering greater 
portions of the insertion site as further injury occurs. In contrast, the fibrous insertion 
sites are not a direct attachment between the tendon and the bone diaphysis due to the 
periosteum tissue covering the hard tissues. The fibrous insertion sites did not display the 
same bony spicule growth seen elsewhere in the fibrocartilaginous insertion sites; rather, 
these sites were typically smoother, with the site expanding over the surface area of the 
bone and developing ridges as he enthesophytes develop. This occurs as the tendon 
ossifies along the bone surface, which remains smooth through the periosteum. These 
sites did not display periphery enthesophyte development as much as fibrocartilaginous 
insertion sites. Instead, these insertion sites were more uniform across the entire enthesis. 
 
Ancestry 
 Certain insertion site expression differed between ancestries in the upper and 
lower limbs, displaying a positive correlation with ancestry and enthesophyte 
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development. A surprising outcome came from the significance levels of the insertion 
sites on the humerus. The humerus had a lack of high significance between ancestral 
groups for the tendon insertion sites, despite the large role the muscles which insert on 
the humerus play in everyday life and the amount of pathological both growth which can 
occur at these sites. In this case, heavy mechanical loading appears to play a larger role in 
enthesophyte development than does any genetic phenotype. In the upper limb, the 
scapula was slightly negative in its correlation, showing that there was a greater 
likelihood of development in European American individuals. This was also the case for 
the extensor carpi ulnaris attachment and the deltoid insertion. Although showing a less 
significant level of correlation, the insertion sites on the ulna, radius, and pectoralis major 
on the humerus all displayed a slightly positive inclination towards African American 
ancestry, while the scapula and remaining humeral sites displayed slightly greater 
inclination towards Europeans Americans. In the lower limb, the gluteus medius was 
more greatly correlated with European American ancestry, as were two insertions on the 
tibia. The insertion sites on the patella however were correlated positively with African 
American ancestry, which was also the case for the soleal line on the tibia. For the lower 
limb, it was far more expected for the insertion sites to be less related to ancestry and 
more related to age, as was the case in this study (Mariotti and Belcastro 2011). 
What was unexpected in the outcome of this study was that it was not the large 
muscles used for heavy lifting, where excessive enthesophyte growth would be expected, 
that were of highest significance in correlation with ancestry. Rather, it was the smaller 
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muscles that were most involved in the correlation with ancestry. There was no 
overwhelming trend towards one ancestry or the other displaying a predisposition 
towards greater enthesophyte development; rather, certain insertion sites were more 
highly correlated towards either European American or African American. In the case of 
the larger muscles (such as the pectoralis major, the teres major, and the biceps brachii), 
sex, age, and occupation may have a larger influence on how developed the cells become, 
having a greater effect on the insertion site changes over time. This may then outweigh 
any more finite causes that ancestral biology could have on the bone cells. This could 
explain why it was the comparatively smaller muscles (pectoralis minor, triceps brachii, 
and gluteus medius) that displayed ancestral correlations. Without other dominating 
influences, bone mineral density may play a role in the increased development of 
enthesophytes, with a higher bone mineral density in African Americans accounting for 
the positive correlation (Bell et al. 1991; Cauley et al. 2005; Hill et al. 2008; Mays 2015; 
Shaffer et al. 2007; Walker and Bilezikian 2008). However, European Americans were 
the ancestry associated with several of the insertion sites. This shows that ancestry may in 
fact not play a significant role in enthesophyte development. Another possible 
explanation for these results could be based on the age groups which were associated 
with each ancestry group. A greater percentage of individuals in the European American 
group were in the age group 60-79 years (49%), while only 34% of the African American 
individuals were in this older age group. A greater percentage of African American 
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individuals (48%) were in a lower age group, the 40-59 years of age group, which may 
have affected results as older age is correlated with greater enthesophyte development. 
 
Occupation 
 The correlation of occupation and enthesophytes may have best demonstrated 
how the relationship of sex and age affected enthesophyte development more than other 
socio-demographic categories. For instance, where there was a significant relationship in 
the lower limb with the factors of sex, age, and ancestry, there was no such significant 
correlation with occupation. An additional factor which further affects this lower limb 
correlation is weight; individuals with a greater body mass likely have greater 
biomechanical loading stresses to their insertion sites and therefore exhibit greater 
enthesophyte development (Benjamin et al. 2008; Crubézy et al. 2002; Havelková et al. 
2010). In the upper limb, the majority of tendon insertions sites had correlation with more 
laborious occupations, with several displaying statistically significant correlations (see 
Table 4.6 above). Of perhaps primary interest was the significant correlation of the right-
side pectoralis major with a laborious occupation type. This displays not only the 
normally dominant side of the body with a greater enthesophyte score but also shows one 
of the largest muscles of the upper limb with a wide range of movement was routinely 
being either injured or overused over a lifetime. As this muscle not only controls 
movement of the arm and shoulder through adduction and flexion, but also is utilized in 
lifting heavy loads (Delport and Piper 1982). This follows Weiss (2015), which also 
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found that the right pectoralis major insertion site was significant when considering 
occupation, and Hawkey and Merbs (1995), which found the pectoralis major to one of 
the most utilized muscles. Further correlations in the upper limb were seen, with only the 
pectoralis minor showing a significance for the less laborious occupations. However, this 
could be interpreted in many ways. For example, the pectoralis minor is responsible for 
moving the scapula anteriorly during reaching or pushing motions and moves the upper 
ribs (Moseley et al. 1992). The individuals who were in less laborious occupations may 
thus have used small movements of the shoulder over time, causing greater repetition and 
damage. This could also mean that those individuals happened to be involved in habitual 
activities which were not recorded as many categories of socio-demographic were self-
reported. 
 Despite enthesophyte development correlating more often with laborious 
occupations like construction work, the lack of statistically significant results shows that 
in this particular sample, the presence of higher enthesophyte scores was not a strong 
predictor of occupation. Unlike research on ancient and historic populations where 
individuals were hypothetically responsible for specific tasks such as cleaning skins, 
modern populations do not appear to be good candidates for this correlation (Havelkova 
et al. 2010; Hawkey and Merbs 1995; Lieverse et al. 2013; Solano 2006). 
 One reason for this may be due to the greater variety of occupations and activities 
any one person may be involved in throughout their lifetime. Those individuals with a 
sedentary occupation such as a computer programmer may participate in extremely 
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dynamic habitual activities which put strain on their tendon insertions. Additionally, the 
extreme variety of occupations individuals were employed in in the late 20th century and 
now the 21st century complicates the quantification of occupation, particularly as 
individuals change careers and engage in new activities. Further complicating the direct 
association of enthesophyte development and occupation in modern populations comes 
from the fact that some individuals build muscle mass for health and recreation. The 
purposeful tearing and healing of muscle may cause further damage to tendons and 
tendon insertion sites that is not related to specific activities, rather this may appear at all 
tendon insertions in an individual. This is unlike studies of historic populations with few 
occupational categories, usually ranging from laborers in farming and textiles to 
sedentary work in schoolhouses and offices (Solano 2006). This is even further from 
studies of hunter-gatherer-forager societies, in which it is assumed that individuals were 
involved in a few very rigorous activities that would require repetitive movement over a 
lifetime with little to no change in occupation, thus displaying very site specific extreme 
enthesophyte development (Hawkey and Merbs 1995; Solano 2006; Weiss 2015). 
 
Age Group 
Age was a significant factor in the difference in development of enthesophytes. 
This outcome is consistent with previous research, which provided an expectation that 
males would show more development than females and that older age groups would have 
greater development than younger age groups (Finkelstein et al. 2002; Gilsanz et al. 
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1991; Villotte et al. 2009; Weiss 2015). With advancing age, greater damage occurs in 
the muscles and tendons, causing the breakdown cells on a larger scale. As such, greater 
enthesophyte development is expected, particularly for the lower limb (Acosta et al. 
2017; Marchi 2008; Mariotti and Belcastro 2011). Every Spearman’s rho provided a 
correlation with older age in this study, without a single instance of correlation with a 
younger age group (see Tables 4.6 and 4.7, above). Nearly every insertion sites for the 
upper limb was significant. This likely is due to the continued use of the upper limb over 
a lifetime, with continued use causing small injuries and gradual osteoarthritis increasing 
the calcification of soft tissues around the bone and decreasing mobility over time (Weiss 
2015). Within the upper limb, the age group most highly correlated with higher 
enthesophyte development scores (a score of 3) on the humerus and ulna was the 60-79 
years old age group. The insertion site for the pectoralis major, biceps brachii, and the 
common insertion of the supraspinatus and the infraspinatus were most correlated with 
the 80 years or older age group. 
The lower limb entheses were overall again correlated with age; however, the 
statistically significant insertion sites were all centered around the hip joints and the knee. 
The gluteus medius, adductor magnus, and the quadriceps femoris are all large muscles 
or are a part of large muscle groups which not only control much of the movement of the 
lower limb and hips but also provide stabilization for the body and support much of the 
body weight of an individual (Acosta et al. 2017; Marchi 2008; Mariotti and Belcastro 
2011). These functions of the lower limb muscles in part explain the significance of the 
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enthesophyte growth at these insertion sites. As individuals age, the muscles have 
provided a lifetime of carrying weight, overtime becoming overused and ossifying the 
soft tissue later in life. The correlation with age is similar in both the 60-79 year age 
group as well as in the 80 and older age group, showing an overall higher development 
with age. Despite a lack of statistically significant development in the tibia and calcaneus, 
the insertion sites on these skeletal elements were still most prevalent in the 80 and older 
age group when compared to the prevalence in the younger age groups.  
These results follow what was found in previous studies. Weiss (2015) found that 
27% of their correlations were significant for older age, particularly at fibrous insertion 
sites. Villotte et al. (2010) further refines what age group was expected to have the 
greatest increase in enthesophyte development, 50-59 years of age. Despite the increase 
in expectation of enthesophyte development at these ages, Villotte et al. (2010) also 
found that the presence of enthesophytes was a higher likelihood in individuals over an 
age of 60 years. This is conclusive with what was found in the current study, which saw 
greater enthesophyte development in the 60-79-year age group. Benjamin et al. (2009) 
additionally states how enthesophyte development is larger in elderly individuals when 
compared to development in younger individuals. Similar to the current study, Crubezy et 
al. (2002) found that pathologies, including enthesophyte, were more common in the 
knees of older individuals. Godde and Wilson-Taylor (2013) was another study in which 
greater enthesophyte development in the lower limb was more highly correlated with 
older age, as did the current study in the hip and knee insertion sites. Havelkova et al. 
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(2010) found similar results regarding the prevalence of age correlation with 
enthesophyte development. Of the 18 insertion sites used in their study, Havelkova et al. 
(2010) found that 16 of the insertion sites were significantly correlated with older age. 
 
Sex 
The outcome that enthesophyte development is correlated with sex is consistent 
with previous research, which provided an expectation that males would show more 
development in muscle mass and thus enthesophytes than females (Finkelstein et al. 
2002; Gilsanz et al. 1991). For the sex of individuals, many insertion sites in the upper 
limb were significant for the left and right of each muscle (see Table 4.2, above). The 
biceps brachii, teres major, pectoralis major, and the deltoid were each significant on both 
the left and the right sides. These muscles are important for heavy lifting and day-to-day 
movement. As such, it is expected that males would participate in heavier lifting on a 
more regular basis than females, whether because of occupation or habitual activities. 
The muscles with a greater significance were also major muscles within the upper limb; 
each muscle is very large and has large origin and insertion sites. The lower limb 
however did not display many significant correlations. This may highlight how even 
though males are expected to have greater musculature, in the lower limb males and 
females have similar developmental requirements to carry the body through life. Where 
males may be more involved in heavy lifting occupations such as construction, females 
and males are both similarly mobile. 
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Contrary to the results of the present study, Weiss (2015) found that the triceps 
brachii was a statistically significant fibrocartilaginous insertion site for males. In other 
studies, such as Solano’s (2006) research, little difference was seen between males and 
females. However, this may due to the primarily laborious occupations the individuals 
included in the study were participating in. This was a similar scenario in Villotte et al. 
(2010). In their study, males overall had greater enthesophyte development, but did not 
have statistically significant differences. Enthesophyte development was also more 
prevalent in males in Rogers et al. (1996) research. This was a similar case in Kalichman 
et al.’s (2007) work, where there was greater growth in males over females.  
 
Intraobserver Analyses 
 The assessment scores over the course of three weeks changed, as was seen in the 
difference between the first day’s scoring and the re-scoring completed later in the 
process. However, the scoring process remained the same over the course of the three 
weeks. No sites were changed once scoring began and the insertion sites were scored in 
the same order, moving from the left side on the upper limb to the right upper limb and 
then down to the left lower limb and right lower limb. In general, a higher score was 
assessed during the second time the individuals were scored. This may have been due to a 
better recognition of the range of expression possible for enthesophyte development and 
where there were dramatic increases from what could be considered a lower score versus 
a higher score. In order to measure this, intraobserver error was assessed in two ways. 
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First, individuals from the entire study period were randomly chosen for re-assessment 
and their scores analyzed through Cohen’s kappa statistic. Second, individuals scored on 
the first day of the study period were re-assessed later in the research period to address 
the changes in how enthesophyte development was scored. The use of Cohen’s kappa for 
reproducibility has been used successfully in previous research, and was again substantial 
for many of the insertion sites analyzed in this study (Havelkova and Villotte 2007). 
 Intraobserver error rates were completed for every insertion site for each 
individual. The rate of agreement varied for each insertion site, with some sites 
displaying very high levels of agreement and others displaying low agreement. Thirty-
two individuals were included in this assessment, accounting for 14% of the study 
sample. As with the associations made between other factors and enthesophyte 
development, the agreement rates made through Cohen’s kappa varied depending on the 
insertion site. According to Landis and Koch (1977), agreement percentages over 60% 
are considered substantial and valid, with any agreement over 80% being almost perfect. 
Based on this criterion, the teres minor, extensor carpi ulnaris, pectoralis major, and the 
common insertion of the supraspinatus and infraspinatus were all in more than substantial 
agreement for at least one side. The insertion of the biceps brachii was in at least 
substantial agreement but these standards, as well as for both the triceps brachii and the 
brachialis. The insertion for the pectoralis minor was substantial for one side and almost 
perfect for the right side. This shows high replicability of the results for the upper limb 
when the same observer re-assessed the insertion sites (see Table 4.10, above). 
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 Intraobserver observations in the lower limb were again varied, and the agreement 
was lower than in the upper limb. The majority of the variation was between the left and 
the right side, with one side frequently being in much higher agreement than the other 
side. For the Gluteus medius, the attachments and left insertion were nearly perfect 
according to Landis and Koch’s (1977) study. Similarly, the right adductor magnus was 
nearly perfect, in addition to the insertion for the semitenonosus and sartorius on the right 
side. The remaining insertion sites were only moderately in agreement for the lower limb, 
showing far less replicability. Lower limb expression varied far more than the upper 
limb. The high replicability of the insertion site scores overall points to appropriate 
scoring methods; however, further testing should be performed with inter-observer error 
rates in order to fully understand if the scoring of enthesophyte development is rated 
along a similar scale between different researches. 
 The re-assessment of the individuals scored on day one of the research period 
displays how the assessment of each score changed during the first few days of scoring. 
The percentage of agreement for each insertion site was once again calculated with the 
Cohen’s kappa statistic, resulting in much lower rates of agreement. Only the right-side 
insertion for the semitendonosus and sartorius and the insertion for the teres major, as 
well as the insertion sites for the extensor carpi ulnaris were nearly perfect in agreement. 
The quadriceps femoris and the gastrocnemius were the only insertions sites which 
displayed substantial agreement, with the remaining insertion sites all in low to moderate 
agreement. Due to the low agreement between the majority of the insertion sites, it is 
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very possible that the first several individuals scored for enthesophyte development in a 
research period are assessed differently, and are in need of re-assessment to be included 
in the overall results as the researcher better understands the variation in scoring. This 
creates a better level of accuracy for statistical analyses. 
 Assessing individuals for the second time resulted in a variety of agreement levels 
across all insertion sites. In the upper limb, more substantial agreement appeared in the 
insertion sites which were contained to one area with no other muscles inserting near the 
location, such as the common insertion for the supraspinatus and infraspinatus or the 
insertion of the biceps brachii. In contrast, the insertion of the teres major was of lower 
agreement and is on the medial lip of the bicipital groove of the humerus, which mingles 
among several other muscles in the same area. In several cases, as seen in most insertion 
sites of the upper limb and again in the lower limb (see Tables 4.10 and 4.11, above), the 
right side, which was the second side scored for each individual, was often in higher 
agreement than the left side. This may be attributed to having a better understanding of 
how the various development scores appear at the insertion sites, and thus a more 
accurate score.  
 The intraobserver results found in this study were similar to Esposito et al.’s 
(2006) research on enthesophyte development. The agreement between the scoring in the 
majority of the insertion sites in Esposito et al.’s (2006) were overall good, however the 
brachialis insertion site was one area which was in poorer agreement. This is similar to 
the Cohen’s kappa results in the current study for the intraobserver analysis of the day 
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one reassessment. This reassessment displayed only poor to fair agreement. Havelkova 
and Villotte (2007) found in intraobserver and interobserver agreement that fibrous 
insertion sites had poor agreement overall, while fibrocartilaginous insertion sites were 
overall in substantial agreement. This is similar to the results from the current study with 
fibrous insertion sites, which found only the right adductor magnus insertion site to be in 
substantial agreement. Overall, the fibrocartilaginous insertion sites had far better 
agreement. 
 
Scoring Process 
 For a score of 0, a completely smooth enthesis was necessary, with the surface of 
the insertion site being close to indistinguishable from the surrounding bone surface. A 
score of 1 was initially used to indicate some growth at an insertion site. However, after 
the first few individuals were assessed, a score of 1 was used only where there was 
minimal growth and no bone spicule growth. Assessments of scores of 2 were the most 
ambiguous of the scores. The development of enthesophytes at scores of 2 were at least 
immediately recognizable as having some development, and at most had some significant 
growth without being projecting spicules. Such insertions sites as those on the edges of 
the bicipital groove were more ambiguous in that there was the development of pits 
which also had to be accounted for. Scores of 3 were perhaps the least ambiguous after 
scores of 0. This was in part due to the large or projecting bone spicules which were 
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required to assess a score of 3 for an insertion site. These scores further varied in their 
assessment due to the difference between fibrous and fibrocartilaginous insertion sites. 
 The recognition of enthesophyte development stages varied between the time of 
assessing the left and right sides of an individual, as was seen in the differences in 
agreement between the first and second rounds of assessing scores for the first day of 
individuals. Over the duration of the research, the left side was scored first for each 
individual. The overall significance for each insertion site side varied, with no particular 
side expressing greater significance than the other in terms of which side would be more 
likely to have a significance for socio-demographic factors. However, based on the 
intraobserver statistical data and the second set of scores for day one, the order in which 
insertion sites were scored may have been a factor in which side was scored more 
accurately during the first round of assessments. The difference in scoring was evident, 
with most insertion sites having a greater concentration of higher scores both on the left 
side and during the second round of scoring. This demonstrates the importance of 
understanding the full range of expression of enthesophyte development across a 
multitude of insertion sites prior to undertaking a study of entheseal changes. While with 
greater practice and better understanding the scoring of entheses may be reliable, the 
initial understanding of these types of changes may be extremely slim and will only 
increase by scoring a broad range of developmental expression. 
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Pathology 
 A further consideration that may have a large effect on enthesophyte growth and 
the subsequent assessment of its development is any pathology which may be present 
within or on the surface of the bone (Henderson 2013). Depending on the pathology, the 
bone mineral content may be more or less dense compared to a normal individual. In such 
cases as bone loss, pathologies such as osteoarthritis or osteoporosis may affect the 
overall bone density, decreasing the expression of bone growth (Hardcastle et al. 2014). 
In some cases, pathological bone growth still occurred; however, the score was not 
extreme. In these cases, the bone was highly porous, with the cortical layer of bone tissue 
frequently thin or worn away on the epiphyses. This may also have been in part due to 
wear on the bones from the cardboard boxes in which they were stored and ongoing 
handing and analysis, with the already weak bone tissue rubbing away during storage. In 
other cases, bone pathologies causing exceptional bone growth may also have affected 
the expression of scores. Other concerns relating to pathologies include medical 
treatments which may affect the bone mineral content. As the bone morphology and 
mineral content is affected, so too are the entheses (Kerimoglu et al. 2007). This may 
include chemotherapy, hemodialysis, or other treatments which affect the body as a 
whole. Diseases themselves may cause further changes to entheses, affecting the ability 
of the enthesophyte development to be properly associated with socio-demographic 
factors (Slobodin et al. 2007). 
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The presence of osteophytes was high in the collection; however, these were 
usually expressed on the joint surfaces such as in the knee, pelvis, vertebrae, and shoulder 
(Blom et al. 2004; Junker et al. 2016). This type of growth was not heavily present near 
insertion sites, as osteophytes are more common at bone to bone contact; however, both 
pathologies tend to occur together (Hayeri et al. 2009; Junker et al. 2016; Rogers et al. 
1996). In some cases however, the expression of arthritic bone growth was so extreme, 
for example on the head of the humerus, that the neighboring insertion sites were 
obscured. Another pathology which was highly prevalent in the collection was DISH. 
While individuals who expressed a mild form of this pathology were not excluded, those 
who had an extreme form were. An extreme form of DISH was defined as those 
individuals with multiple fused vertebrae and possibly a fused rib. Those individuals who 
were included had three or fewer fused vertebrae. The expression of DISH in an 
individual was generally confined to the vertebral column and the rib articulation, and so 
did not affect the actual scoring process. However, these individuals are considered to be 
much more likely to develop additional bone growth at other locations in the skeleton 
(Rogers et al. 1996). Those individuals who did express either bone loss or extreme bone 
development were noted in the data collection spreadsheet.  
 
Future Study Implications 
 The scoring of enthesophyte development in individuals with various socio-
demographic backgrounds and various physical differences can provide useful 
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correlations in research. Enthesophyte development can provide information for a rough 
estimate of the age group and whether an individual is male or female, depending on 
which insertion site is being analyzed. While the major muscles of the body appear to be 
most useful in the differentiation of sex and age, it is the smaller muscles which are 
important in possible ancestral differentiation. The differences between the sexes, age 
groups, and ancestry are not however large enough to use enthesophyte development in 
actual estimation, rather are better used in individualization of remains and in correlating 
occupation markers with personal history. 
 Based on the results recorded in the spreadsheet and the statistical analyses, 
certain insertion sites were of greater use in understanding what socio-demographic 
factors are significant in influencing osteological structure. For the assessment of the 
influence of sex and older age ranges, the major muscles were of use. Attachments for 
teres major and pectoralis major were both easy to identify on the humerus and were 
significant in differentiating between male and female as well as in differentiating older 
age groups. Both the biceps brachii and the triceps brachii were significant against 
occupation and ancestry, and were incredibly easy to identify. Again, these muscles are 
considered major components in heavy lifting and daily activities. The brachialis 
insertion site was useful in comparison to other factors, but was not the most defined 
insertion site to score. Within the lower limb, the gluteus medius and the quadriceps 
femoris were important insertion sites and were defined insertion sites. The tibia was 
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useful for both the tibial tuberosity and the medial surface of the tuberosity, with 
significance for multiple socio-demographic factors. 
Future research involving the development of enthesophytes should focus on the 
differences between fibrocartilaginous and fibrous entheses in order to better understand 
what how the underlying biology and development of pathologies affect these insertion 
sites. As is seen in this study, the deltoid and the adductor magnus had varying 
significance; however, both were significant in relation to most factors. Additional 
factors to be considered should be the size of the individuals, including weight. Weight, 
when correlated with the insertion sites of the lower limb, could further provide a better 
understanding of how mass and activity interact to affect enthesophyte development due 
to its effect on bone structure, provided the collection used for study has this information 
available for a large enough sample (Edelstein and Barrett-Connor 1993). 
Additional concerns for future studies of enthesophyte development include the 
collections utilized for analyses, how the skeletal remains are prepared, how the skeletal 
remains were processed, and what socio-demographic information the collection 
includes. Many collections throughout the U.S. are from historic populations, which does 
not accurately represent the socio-demographic reality of the modern populations. The 
use of historic collections also includes the added issue of what information is available 
for the use of the researcher. The William M. Bass Donated Skeletal Collection contains 
a very modern population, with all deaths for the utilized sample occurring within the last 
40 years, as well as extremely detailed personal information on the individuals included. 
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This may not always be the case in historic collections, as record keeping may have 
varied based on the time and the status of the individual, and was still a problem with the 
Bass Collection as the socio-demographic information recorded is all based on voluntary 
submission. Further, historic collections are primarily composed of European or 
European derived individuals, with very little ancestral variation available for analysis. 
The actual processing of the remains upon intake and the storage of the remains may 
further impede proper analyses (Galloway et al. 1997). The process of macerating 
remains to produce a clean skeletal state may cause unintended damage to bone, though if 
completed properly should not. Improper storage or long term storage may cause coffin 
wear on bone surfaces or cause breakage to the bone, further affecting the tendon 
insertion sites. 
 Many different socio-demographic and biologic factors play a role in the 
development of enthesophytes at tendon insertion sites. Of these, sex, age, ancestry, and 
occupation were recorded in addition to the score of the enthesophyte development. 
Different insertion sites provided correlations for each of the socio-demographic factors 
analyzed, however older age displayed a correlation at every insertion site recorded. 
While this correlation provides greater knowledge on the subject of enthesophytes, the 
process of scoring the development and interpreting the results of such studies requires 
further exploration into modern skeletal collections.  
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CHAPTER VI: CONCLUSION 
 
 This study examined the development of enthesophytes using a previously 
devised an accepted scoring system to assessment the extent of the development as it 
relates to socio-demographic information. This scoring system was applied to the 
William M. Bass Donated Skeletal Collection at the University of Tennessee, Knoxville, 
a modern human skeletal collection. Individuals in this study included European 
American and African American individuals from ages 18 to 99 years and included both 
males and females, for a total of 230 individuals. Based on previous research, various 
insertion sites of both the upper and lower limb were scored for a total of 40 insertion 
sites per individual. These included both fibrocartilaginous tendon insertion sites on the 
epiphyses of bones and fibrous tendon insertion sites on the diaphysis of long bones. 
Socio-demographic information was collected for all individuals, including age, ancestry, 
occupation, and sex, each of which was compared with the insertion site scores through 
Spearman’s rho statistical analyses. 
 Previous research has focused primarily on archaeological or historic populations. 
Scoring of enthesophyte development was used as an assessment of musculoskeletal 
stress, which was then used as skeletal evidence for how artifacts found in association 
with individuals were utilized. Beginning with Hawkey and Merbs’ (1995) study of the 
Inuit, the study of enthesophytes has since evolved to encompass more tendon insertion 
sites and a world-wide assembly of population samples. Benjamin et al. (2002; 2008) and 
Villotte et al. (2009) expanded the study of enthesophyte development by identifying two 
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separate types of insertion sites, or entheses, which express the development of 
enthesophytes in different ways. In addition to the consideration of heavy or repetitive 
activities in relation to enthesophyte development, age and sex have also been 
considered. Further considerations include the changes which pathologies can impart on 
the skeleton and individual bone structure, as studied by Henderson (2013). One area 
which has not been included in research however is the effect of ancestry on 
enthesophyte development. This is a large gap in the research which has not been 
addressed, while other areas of anthropology have largely addressed the differences in 
morphology between various ancestries in the cranium and post-cranial elements 
(Havelkova et al. 2010; Michopoulou et al. 2015; Natsis et al. 2006; Niinimaki and Sotos 
2012; Rogers et al. 1996; Solano 2006). 
 Within biology and clinical studies, much research on the variation in bone 
mineral density has been conducted, with the conclusion that European and African 
ancestries have differing bone mass (Cauley et al. 2005; Finkelstein et al. 2002; Galloway 
et al. 1997; Wright et al. 1995; Zemel et al. 2011). Genetics play a large role in these 
differences, with changes occurring not only between European and African ancestries 
but also between age groups (young adult, adult, and older adults) within those ancestries. 
For instance, pre- and post-menopausal women vary in their bone mineral density. 
African Americans have been shown to have an overall higher bone mass than European 
Americans, and within these population it has been shown that European American 
women have a higher rate of bone loss than do African American women (Cauley et al. 
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2005). By accumulating bone mass at a higher rate during puberty, African Americans 
tend to not only have a higher bone mass but also tend to lose bone mass at a slower rate 
(Bell et al. 1991; Gilsanz et al. 1991; Cauley et al. 2005). As such, individuals who 
already have a higher level of bone mineral density are expected to have a greater 
likelihood of being “bone growers”, or individuals who are more likely to express 
pathological bony growth (Finkelstein et al. 2002; Galloway et al. 1997). By taking this 
information into account, the next step was to test whether or not the high bone mineral 
density translated into additional enthesophyte development. 
 This study utilized the classic 0 to 3 scoring system for evaluating enthesophytes 
(Hawkey and Merbs 1995). The individuals were scored randomly and blindly, with all 
socio-demographic information collected after scoring was completed. Insertion sites on 
both the upper limb and the lower limb were included in the study, as insertion sites on 
both have been found to have significance with socio-demographic factors. The humerus, 
radius, ulna, and scapula were all included for the upper limb, while the os coxae, femur, 
patella, tibia, and calcaneus were included for the lower limb. While most of the insertion 
sites were fibrocartilaginous, one fibrous insertion site was included for each the upper 
and lower limb. These were separated out and scored after the fibrocartilaginous sites 
were all scored, per Villotte et al. (2009). A full breakdown of which sites were scored 
for each bone and the associated muscles are listed in Table 3.2. All individuals were 
scored in the same manner, beginning with the left side and then moving to score all 
insertion sites on the right side, first for the upper limb and then for the lower limb. The 
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same method was used for the scoring of the intra-observer rates. While many studies 
involved the physical measurement of the enthesophytes with millimeter markers or 
calipers, this study consisted only of ordinal scores. Each site expressed itself in a 
different manner, and so there was no set way in which to define a score of 0, 1, 2, or 3. 
 All scoring results were input into an Excel spreadsheet where socio-demographic 
information was later input. These scores and the socio-demographic factors were later 
coded and imported into SPSS in order to run correlation analyses. Socio-demographic 
factors and the scores representing enthesophyte development were run site by site with 
Spearman’s rho correlation, with the sites run separately with each factor: sex, age, 
ancestry, and occupation. Sex as a factor was significant to the 95% or 99% CI for many 
sites in the upper limb. Variation in site significance occurred in the lower limb as well. 
Age groupings were made in 20 year increments, with the groups set as 20-39, 40-59, 60-
79, and 80 years and older. This was chosen as a way to distinguish young adult, middle 
adult, old adult, and the elderly. For age groupings, the upper limb was extremely 
significant for the insertion sites of the humerus, with most sites displaying some 
significance for older adults. Further significance was seen in the radius, ulna, and 
scapula for older adults and the elderly over 80 years old. Within the lower limb, there 
were significant insertion sites as well, again mostly for individuals aged 60-79 years. 
The tibia and the calcaneus were the only two skeletal elements to not include insertion 
sites which were significant. 
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 The assessment of ancestry in correlation with enthesophyte development 
displayed results which were significant in certain insertion sites, while in other insertion 
sites there was no significance. Of the insertion sites showing a significance, the larger 
muscles were significant for European Americans, while the smaller and deeper muscles 
tended to be more significant for African Americans in the lower limb. However, the 
upper limb displayed significance for major muscles in the ulna and the pectoralis major 
towards African Americans. While not directly correlating for every insertion site, many 
did correlate positively, showing that ancestry may in fact play a role in the expression of 
enthesophyte development. This follows with the research showing how African 
Americans typically have higher bone mineral density, and thus are more likely to 
continue to show additional bone growth. In these cases, that is expressed in the 
enthesophyte development. 
 Intraobserver error rates were calculated through the use of the Cohen’s kappa 
statistic, with each insertion site conducted separately for the two sets of data. Certain 
insertion sites exhibited in extremely high agreement, while others were in minimal 
agreement. The use of 32 individuals for intraobserver assessment provided a sample of 
14% of the total individuals included in the study. All individuals were chosen at random 
from a separate list of individual identification numbers in order to keep the testing blind. 
Further analysis of intra-observer rates was completed through the re-assessment of the 
individuals scored on the first day of the research period. Cohen’s kappa provided 
evidence that the assessment of enthesophyte development sites changed between the 
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first day of the research period and the time when these individuals were re-assessed 
towards the end of the research period. This testing displayed the need for researchers to 
have some form of experience and practice with various expressions of the different 
enthesophyte scores prior to the start of data collection. 
 There were limitations in this study. Despite having over 50 individuals of 
African American ancestry included in the research sample, the sample was 
overwhelmingly European American. Further study of modern collections with similar 
sample sizes of not only European American and African American individuals, but also 
Hispanic and Asian individuals are needed to better understand ancestry’s role in 
enthesophyte development. Another limitation to the current study was the overall older 
age and predominantly male configuration of the African American sample. This 
provided little information on African American females. Additional issues included 
individuals in the collection who were unavailable due to the individuals being on loan 
for short courses or to other institutions. The socio-demographic information provided by 
all individuals in the William M. Bass Donated Skeletal Collection is completely 
voluntary, which may limit the sample size, particularly in the correlation of occupation. 
The results of this study demonstrate the significant correlation in modern individuals 
with enthesophyte development when compared with age groups, sex, and occupation, 
and displays that certain insertion sites do have a correlation with ancestral groups. In 
future studies on enthesophyte development in the modern era, the continued use of 
modern skeletal collections across all ancestries with detailed socio-demographic 
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information is needed to better understand not only how other ancestries may affect 
pathologies but also to better understand the diversity in occupation today and how these 
occupations affect bone biology. 
 This research has shown how enthesophyte development can be correlated with 
various socio-demographic factors, including age, sex, and ancestry. Through the use of 
previous research, a method was used which has been proved through multiple authors, 
and was further seen in this study to be decently successful through the use of intra-
observer error rates. Clinical research on bone mass density, which has shown how 
various population ancestries are more likely to continue to have high bone mineral 
concentrations, further provide information for how enthesophyte development may be 
correlated to ancestry. The use of enthesophyte development in understanding stresses on 
bone biology is prevalent throughout anthropology and archaeology, and now is being 
used to better understand more modern populations. This evidence of stress on the 
skeleton and the correlation with various socio-demographic factors makes enthesophyte 
development a unique way in which to individualize skeletal remains. 
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